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Density (p), ultrasonic velocity (u) and viscosity (r\) values have 
been measured for ternary systems, (amino acid / di-peptide + salt + 
water): L-serine / L-isoleucine / L-glutamine / glycylglycine in 1.5M / 
2.0M aqueous solutions of NaCl or NaNOa used as solvents for several 
concentrations of amino acids / di-peptide at different temperatures 
(298.15-323.15K). The measured density values exhibit usual increasing 
trend of variation with increase in solute concentration and decreasing 
trend with increase in temperature for all the systems under investigation. 
The ultrasonic velocity values have been found to increase with increase 
in amino acids / di-peptide concentration and temperature in all the 
systems. The increase in ultrasound velocity with increase in solute 
concentration has been attributed to an overall increase in cohesion in 
solutions. The enhanced cohesion in solutions has been discussed in 
terms of ion-zwitterion and water dipole-zwitterion electrostatic 
interactions. It has been observed that the ion-zwitterion and ion- water 
dipole attractive forces are stronger than those of ion-hydrophobic 
repulsive forces. It has been believed that smaller in size but more 
compact clusters of water are formed with increase in temperature. Using 
ultrasonic velocity and density data, the parameters such as isentropic 
compressibility (KS), change (AKS) and relative change (AKS/KQ) in 
isentropic compressibility, specific acoustic impedance (Z) and relative 
association (RA) values have been computed. These parameters have 
been used to study the intermolecular / interionic interactions in all the 
systems. 
The Ks values have been found to decrease with an increase in 
concentration of amino acids / di-peptide as well as with temperature in 
all the studied systems. The decrease in KS values with increase in 
(ii) 
concentration of solutes has been associated with an increase in the 
number of incompressible entities in solutions whereas a decrease in KS 
values with increase in temperature have been interpreted in terms of the 
structural changes of water. The computed AKS and AKJ/KQ values have 
been found to increase with increase in solute concentration but represent 
an inegular trend of variation with temperature. The AKS and AKS/KQ 
values have been fitted linearly with molal concentration of amino acids / 
di-peptide. The interionic / intermolecular interactions between solute and 
solvent have been examined in terms of the deviation of intercept values 
from ideal behaviour. Specific acoustic impedance values show an 
increasing trend of variation with increase in amino acid / di-peptide 
concentration and temperature. These trends of variation have been 
ascribed to the overall reduction in the repulsive forces with solute 
concentration and temperature. The relative association values do not 
show any remarkable change with variations in amino acid / di-peptide 
concentration and temperature. This has been attributed to essentially 
weaker interionic / intermolecular interactions in the systems under 
investigation. 
Density and ultrasonic velocity data have also been employed for 
the calculation of isothermal compressibility values by using McGowan's 
(KTI), and Pandey and Vyas' (KT2) relations. It is noteworthy that the 
values of isothermal compressibility obtained from these two relations are 
quite close to each other in all the investigated systems. The trends of 
variation of KJI and KT2 values with increase in concentration of amino 
acids / di-peptide and temperature in both the solvent systems are in 
agreement with the trends of variations of isentropic compressibility 
values. 
(iii) 
The internal pressure (Pj), solubility parameter (8) and pseudo-
gruneisen parameter (F) values have been computed by using the values 
of KTI obtained from McGowan's relation. The internal pressure and 
solubility parameter values have been found to increase with increase in 
amino acid / di-peptide concentration as well as with temperature. The 
pseudo-giuneisen parameter values increase with increase in temperature. 
This trend of variation may be expressed in terms of expansivity of the 
system. 
The apparent molal volumes ((j)v) and apparent molal isentropic 
compressibilities ((t)k) of amino acids / di-peptide in 1.5M / 2.0M aqueous 
solutions of NaCl and NaNOs have been calculated at several 
temperatures (298.15-323.15K) by using density and isentropic 
compressibility values. These parameter values have been used to derive 
the apparent molal volumes at infinite dilution that is partial molal 
volumes ((j)v°) and apparent molal isentropic compressibilities at infinite 
dilution that is partial molal compressibilities ((j)k°) for amino acids and 
di-peptide in the said aqueous solutions of electrolytes. The observed ^^° 
values for the studied amino acids / di-peptide in aqueous electrolyte 
medium have been found to be larger in magnitude than those of 
corresponding values in water. These results have been explained in 
terms of the electrostatic interactions between ions and charged centres of 
zwitterions as well as between zwitterions and water dipole. The negative 
values of apparent molal isentropic compressibility values have been 
found in all the systems under investigation. The observed negative 
apparent molal isentropic compressibility values indicate that the water 
molecules around the amino acids / di-peptide molecules are less 
compressible than the water molecules in the bulk solvent. This 
(iv) 
behaviour has been discussed in terms of electrostatic forces operative 
between zwitterions and ions of solutions. The negative and positive 
magnitudes of Sv and Sk values have been explained in terms of weak and 
strong solute - solute interactions, respectively. 
The viscosity values exhibit usual increasing trend with increase in 
amino acids / di-peptide concentration and decreasing trend with increase 
in temperature in all the systems under investigation. The trend of 
variation of calculated specific viscosity (r|sp) values with change in 
concentration of solute and temperature is similar to those of the viscosity 
values. It has been observed that T^sp values are more concentration 
dependent than temperature. The relative viscosity (r|r) data for all the 
systems have been fitted to the Jones-Dole equation in order to evaluate 
the B-coefficient values. The viscosity B-coefficient values for all the 
solutes in both aqueous electrolyte systems have been found to be 
positive. The positive values of B-coefficient have been interpreted in 
terms of the solute-solvent iontermolecular / interionic interactions. The 
computed viscosity B-coefficient values have been compared with those 
of the literature values. A good agreement has been found between the 
observed and literature values. 
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Proteins affect, virtually every property that characterizes a living 
organism. Nucleic acids, also essential for life, encode genetic 
information - mostly specifications for the structures of proteins - and 
the expression of that information depend almost entirely on proteins 
(through some RNA molecules with catalytic activity have been 
discovered recently). Life forms make use of many chemical reactions to 
supply themselves continually with chemical energy and to use it 
efficiently, but by themselves these reactions could not occur fast enough 
under physiological conditions (aqueous solution, 37"C, pH 7, 
atmospheric pressure) to sustain life. The rates of these reactions are 
increased, by many orders of magnitude, in organisms by the presence of 
enzymes, which also are proteins. Proteins store and transport a variety 
of particles ranging from macromolecules to electrons. They guide the 
flow of electrons in the vital process of photosynthesis; as hormones, they 
transmit information between specific cells and organs in complex 
organisms; some proteins control the passage of molecules across the 
membranes that compartmentalize cells and organelles; proteins function 
in the immune systems of complex organisms to defend against intruders 
(the best known are the antibodies); and proteins control gene expression 
by binding to specific sequences of nucleic acids, thereby turning genes 
on and off. Proteins are the crucial components of muscles and other 
systems for converting chemical energy into mechanical energy. They 
also are necessary for sight, hearing, and the other senses. And many 
proteins are simply structural, providing the filamentous architecture 
within the cells and the materials that are used in hair, nails, tendons, and 
bones of animals. 
In spite of these diverse biological functions, proteins are a relatively 
homogeneous class of molecules. All are the same type of linear polymer, 
built of various combinations of the same 20 amino acids. They differ 
only in the sequence in which the amino acids are assembled into 
polymeric chains. The secret of their functional diversity lies partly in the 
chemical diversity of the amino acids but primarily in the diversity of the 
three-dimensional structures that these building blocks can form, simply 
by being linJced in different sequences. The awesome functional 
properties of proteins can be understood in terms of their relationship to 
the three-dimensional structures of proteins. 
The tertiary structure, that is the folded state of a protein, assumes 
under normal conditions of temperature and pH, minimum energy and 
hence most stable. This state is known as native configuration. This 
native state can be easily unfolded or denatured by extreme of pH, heat or 
denaturants due to disruptive effect on the hydrogen bonds and other 
interactions. Denaturation of globular proteins in aqueous solutions is a 
fundamental biological process which is not completely understood and 
continually to be a subject of extensive investigations (1-8). The process 
of denaturation of a globular protein in aqueous solution involves a 
change from the native state, in which the protein adopts its characteristic 
folded conformation, to the denatured state where the protein is 
predominantly in an extended unfolded form (8,9). Clearly, during this 
process substantial change in protein hydration will occur and this change 
will make an important contribution to the energetics of protein 
denaturation. Protein hydration plays a crucial role in stabilizing the 
native structure of globular proteins in aqueous solutions. The specific 
interactions of water with various functional groups on the proteins as 
well as other solvent-related effects contribute to the formation of the 
stable folded structure of proteins in solutions (10). 
The direct study of these important protein-water interactions is 
difficult because of the complexity of the interactions in protein 
macromolecules. However, one useful approach that assists in 
understanding of these interactions is to study small molecule - water 
interactions in compounds chosen to mimic some aspects of the protein 
structure. This model compound approach has been widely used in recent 
years (1,11)- Thus, it is of immense importance to study the low-
molecular -weight model compounds such as amino acids, peptides, and 
their derivatives, which represent the building blocks of proteins in a 
variety of media. On the basis of properties of side chains amino acids 
can be categorized into three main types. These are amino acids with non-
polar, uncharged polar and charged polar side chains, respectively. Polar 
side chains, whether charged or uncharged, have a strong tendency to 
interact with polar molecules like water, which is the normal medium in 
which most of the proteins function. Non-polar side chains on the other 
hand, shun water molecules and tend to seek a non-polar environment. 
This difference in interaction of polar and non-polar side chains with 
water is of great significance for the folding of a linear protein chain into 
diverse structures, which are characteristic of different functions in the 
organism. In aqueous medium, amino acids and peptides exist essentially 
as dipolar ions / zwitterions manifesting a unique hydration behavior, 
which appears to be subtly linked to the vital biological phenomenon. 
Because of such subtle linkage, studies of hydration behavior of amino 
acids and peptides in different media are also considered of significance 
in unfolding the role of dipolar ions in the living phenomenon. 
At least twenty-seven elements are required by living organisms, out 
of which fifteen are metals. These metal ions have close relationship with 
solubility, stability, and activity of proteins (12,13). Metals required in 
major quantities are K, Mg, Na and Ca. Bulk quantities of K, Mg, Na and 
Ca are required mainly to balance the electrical charges associated with 
negatively charged organic macromolecules in the cell, and also to 
maintain the osmotic pressure inside the cell to keep it turgid and prevent 
its collapse. Consequently, salt solutions have been found to affect the 
structure and properties of proteins including their solubility, 
denaturation, dissociation into subunits, and the activity of enzymes (13). 
The effect of various neutral salts on the transition temperatures of 
proteins and enzymes have been reported in the literature (14). The 
effectiveness of various neutral salts towards the destabilizing tendency 
of proteins has been classified in the form of a series known as the 
Hofmeister series (15). The peptide group is strongly salted in or 
stabilized by Nal, NaC104, NaSCN, NaClsCCOO; it is salted in less 
strongly by KF, LiCl, NaCl, KCl, CsCl, NaBr; and (CH3) 4NBr and 
Na2S04 have negligible salting in effects. Harrington and Herskovits (16) 
in a report on the subunit structure and dissociation of Lumbricus 
terrestris hemoglobin by salts have pointed out that various neutral salts 
including sodium chloride tend to dissociate the duodecarmeric structure 
of hemoglobin into its subunits. Nagy and Jencks (17) have pointed out 
that electrolytes induce dissociation in the protein F-actin without causing 
any conformational change or denaturation. They have suggested that 
salts interact directly with the peptide groups of the protein and bring 
about its dissociation. 
Thermodynamic properties of aqueous solutions of amino acids, 
small peptides and their derivatives, which mimic some of the structural 
features of proteins and assist in understanding of the conformational 
stability and folding behavior of globular proteins, have been studied by a 
number of researchers (7,18-22). The conformational transitions of 
biopolymers are extremely sensitive to subtle changes in solvent medium 
(23-26). Therefore, in order to understand the behavior of proteins in 
aqueous salt solutions, we have studied the thermodynamic parameters, 
ultrasonic velocity, density, viscosity and their derived parameters, for 
three amino acids and one di-peptide in aqueous electrolyte solutions. 
Ultrasonic velocity data as such provide little information 
about the nature and magnitude of the various intermolecular/interionic 
interactions (27,28) but its derived thermodynamic parameters, namely, 
isentropic compressibility, change and relative change in isentropic 
compressibility, specific acoustic impedance and relative association 
provide important information to understand the nature and strength of 
various solute-solute and solute-solvent interactions responsible for the 
behavior of aqueous solutions and non-aqueous solutions (29-39). 
Depending upon the nature of intermolecular / interionic 
interactions between solute and solvent, the ultrasonic velocity varies 
with temperature and concentration in aqueous solutions. All pure liquids 
except water and heavy water are found to have negative temperature 
coefficient of sound velocity. Randall (40) found that water has a large 
positive coefficient of sound velocity at room temperature. The 
temperature coefficient of sound velocity of water decreases to zero at 
74'*C and then becomes negative as for ordinary liquids. However, the 
temperature coefficient of isentropic compressibility of water becomes 
zero at 64"C (27). The peculiar structure of water seems to be responsible 
for this anomalous behavior. According to the two-state model (41), 
liquid water consists of two species: a non-associated, close- packing 
state of water and a bulky, associated state or cluster. In accordance with 
the molecular view of the acoustic compression of water, the compression 
of former state is attributed to the compression of the available free space 
among non-associated water molecules, while the compressibility of later 
part mainly results from the disruption of the hydrogen bonds and 
accordingly the partial destruction of the associated bulky structure. The 
amount of the cluster part of water decreases with increasing 
temperatures resulting in a decrease of structural part of the 
compressibility, while an increase in molecular distance with temperature 
rise accompanies an increase in ordinary compressibility. These opposing 
effects make the compressibility curve a minimum at an intermediate 
temperature or the maximum of the sound velocity at a slightly different 
temperature. 
The isothermal compressibility is a sensitive measure of solute-
solvent interactions and as such, can be used to monitor solute hydration 
in an aqueous solution (42,43). However, it is not an easy task to 
determine isothermal compressibilities directly (43) but through 
ultrasonic velocity, density and heat capacity at constant pressure 
measurements, it can be determined indirectly (44,45). Pandey and Vyas, 
(46) and McGowan (47) have proposed indirect methods to determine 
isothermal compressibility value using the ultrasonic velocity and density 
values. Isothermal compressibilities have been widely evaluated by many 
workers (48-63) using hard spheres models for pure liquids, melts and 
mixtures. Isothermal compressibilities and excess isothermal 
compressibilities have also evaluated for organic solvent mixtures by 
using the Flory's statistical theory. The excess isothermal compressibility 
values have been discussed in terms of intermolecular interactions 
operative between the components of mixture (64). 
Partial molar isothermal compressibilities have been determined 
for aqueous solutions of amino acids, amino acid derivatives, peptides 
and proteins (44,45,65,66). Apparent molar isothermal compressibilities 
using ultrasonic velocity and density values have been determined for 
aqueous solutions of nucleic bases (67). The isothermal compressibilities 
for binary liquid mixtures have been determined experimentally as well 
as predicted theoretically by a number of methods and the experimental 
results have compared with those of predicted values. The theory based 
on an equation of state for a mixture of hard convex particle, where 
allowance can be made for the shape of the molecules has been found to 
most appropriate. It is observed that the form of attractive potential has 
little influence on the predicted compressibility values (68). 
Thermodynamic and ultrasound measurements provide a very 
good means (69) for the determination of intemai pressure of liquids. 
Internal pressure, a fundamental property of the liquid state has been 
studied initially by Hildebrand et al. (70,71) and subsequently by several 
workers (69,72-77). The use of this fundamental property has for a long 
time been limited to descriptive or qualitative purposes. As noted by 
Barton (77,78), it is only recently the usefulness has been explored for 
quantitative study of intermolecular forces. The early attempts to 
calculate this property by the van der Waals' equation as suggested by 
Van Laar yielded only qualitative results. Hildebrand and Scatchard (79) 
proposed the concept of cohesive energy density, which is the energy of 
isothermal vaporization from the liquid to the ideal-gas state, not per 
mole but per unit volume of fluid. The large advantage of the cohesive 
energy density is that it can be calculated easily for liquids at normal 
conditions using readily available data. 
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The role of internal pressure in understanding the nature of 
molecular interactions in liquids and in liquid mixtures has also been 
emphasized (80). It has been used to investigate molecular interactions in 
binary liquid mixtures (73,74,81-83). Due to lack of experimental data on 
thermal expansion coefficient and isothermal compressibility of liquid 
mixtures beyond binaries, the internal pressure could not be estimated for 
multi-component systems. Direct evaluation of internal pressure through 
the thermal pressure coefficient for multi-component liquid mixture has 
also not been done. Suryanarayana (76) suggested an indirect method of 
evaluating internal pressure from the knowledge of viscosity, density and 
ultrasonic velocity. This approach has been extensively used for studying 
the internal pressure of pure liquids, binary liquid mixtures and solutions 
of electrolytes and non-electrolyte (81). 
The solubility parameter is the square root of the cohesive energy 
density (77,78). Solubility parameter values for pure organic liquids and 
mixtures (83-86) and for amino acids in mixed aqueous media (32,39) 
have been determined by a number of workers. The applications of 
solubility parameter and cohesive energy density data in industrial 
processes have been reported by a number of authors (87-91). Solubility 
parameter has played an important role in designing of pharmaceutical 
dosage of drug. In addition, the parameter has also well correlation with 
the permeability of drugs into body (92,93). In the integration of polymer 
production, processing and material development, the knowledge of 
thermodynamics of polymer systems is necessary. The successful 
application and performance of a polymer material mainly requires the 
study of phase behavior of it in various solvent systems. Solubility 
parameter has been quite helpful for understanding about the phase 
behavior of polymeric systems containing many constituents, like those 
used in the paint industry (90). Furthermore, it has been found to be a 
very useful tool for assessing the selection of proper compounding 
ingredients (94) and solvents (95-97) for polymeric substances and paints. 
The pseudo-gruneisen parameter, a dimensionless constant is 
governed by the molecular order and lattice behavior of substances. A 
number of authors have evaluated the parameter for solids, pure liquids, 
liquid mixtures and aqueous systems (32,39,98-109). Martinez et al. 
(110) computed the parameter value for carbonate ions in water and in ice 
VII at different temperatures by employing the Raman spectroscopy and 
appropriate equation of state. It has been observed that the pseudo-
gruneisen parameter of carbonate ion symmetric stretching mode is 
significantly smaller in liquid water than in crystalline carbonates. Lopes 
et al. (101) discussed the relationship between the bulk pseudo-gruneisen 
parameter of liquids and the individual mode parameters, characterizing 
the volume dependence of hindered translational and rotational 
frequencies of the molecules in liquid phase, in terms of a cell model in 
the quasi-harmonic approximation. 
The volumetric characteristics of substances e.g., the partial molar 
volume and partial molar isentropic compressibility have proven to be 
reflective of and sensitive to solute-solvent interactions (111-113). Hence, 
volumetric properties represent useful observable for studying the 
hydration properties of proteins. In recognition of this fact, several 
laboratories have investigated the volumetric properties of proteins in 
aqueous solutions and have proposed different approaches for interpreting 
these macroscopic data in terms of protein hydration (114-122). Such 
interpretations are not straightforward and always model-dependent. 
Despite the difficulties in interpreting the volumetric data for systems as 
complex as proteins, experiments of this type have begun to provide 
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important data against which a number of models of protein hydration are 
evaluated (123,124). The microscopic interpretation of the measured 
volumetric properties in terms of protein hydration is usually performed 
in conjunction with structural data on the surface atomic groups 
(114,116,121). Unfortunately, such structural data are not always 
available, especially for the denatured states of proteins, which include 
molten globule and unfolded states. Consequently, the microscopic 
interpretation of the volumetric properties of denatured protein states 
remains highly speculative and subjective in nature (117-120,122). This 
limitation is serious and prevents data from being used with confidence 
for analysis of hydration features of proteins as a function of their 
conformational states. One of the main procedures for interpreting the 
physico-chemical properties of protein solution is the comparative 
analysis of model compounds, which contain the atomic groups specific 
for proteins. Thus, the partial molar volumes of proteins have been 
compared with the volumes of amino acids and peptides using a simple 
additive scheme presented by Traube (125). Further investigations have 
been directed at more accurate estimation of the contributions of amino 
acid residues to partial molar volumes in terms of the same scheme 
(111,126). 
A number of authors have reported on the volumetric properties of 
amino acids and peptides in aqueous medium (21,22,127-134) and in 
aqueous electrolytes solutions (135-156) in recent years. Volumetric 
studies on amino acids and peptides in aqueous electrolj^e solutions 
reflect the combined effect of various hydrophilic and hydrophobic 
interactions in these systems. Amino acids and di-peptide are dipolar 
ions, albeit to varying degrees in aqueous solutions (157-159) and values 
u 
of their apparent molal volumes reflect the electrostriction that occurs due 
to their interaction with water. 
The partial specific, or molar compressibility of a globular protein 
in aqueous solution provides a sensitive measure of hydration effects 
(43,113,160). Since the extent of protein hydration changes during the 
course of protein unfolding from the native state, through compact 
intermediate states or partially unfolded states to the fully unfolded state, 
compressibility measurements provide a useful means to characterize 
protein transitions (123,160-163). The compressibility of a protein can be 
considered, at least to a first approximation, to comprise of two terms. 
One is the intrinsic compressibility of the protein, which is essentially due 
to intra-chain interactions and the packing of the protein chain, while the 
other term is due to the hydration of the various amino acids, functional 
groups that are exposed to the solvent (116,160,163,164). The 
compressibility studies of model compounds of proteins, amino acids and 
peptides in aqueous medium (45,115,130,131,165-168) and aqueous 
electrolyte (24,25,142-144) solutions provide a better understanding of 
the hydration of a large complex protein molecule in solution. 
Furthermore, such model compound studies can provide, in principle, a 
means to predict the hydration contribution to the compressibility of a 
protein (160,169). 
Viscometric studies are helpful to predict the transport properties of 
liquids. Viscosity is a measure of the resistance of a fluid to flow. 
Molecular structure of the solution components and the intermolecular / 
interionic forces operating within the solution are primary factors 
affecting viscosity of a solution. Molecules with long chains and 
structures that allow entanglement with adjacent molecules will slow the 
progress or flow of liquid. The viscosity and its derived parameters such 
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as relative viscosity, specific viscosity and intrinsic viscosity have been 
used to study the shape and size of the macromolecuies, and the 
intermolecular / interionic interactions in solutions (142,149,170-175), 
The specific viscosity data are also used to calculate the hydrodynamic 
volume of solute. The specific viscosity depends on concentration 
whereas the intrinsic viscosity is independent of concentration and 
characteristic of the solute alone (176), The solute-solvent interactions 
and the extent of solute hydration can also be studied in terms of B-
coefficient of Jones-Dole equation (177), The B-coefficient is a measure 
of effective solvodynamic volume of solvated ions and is governed by the 
size and shape effects of solute and the structural effect induced by the 
solute-solvent interactions (133,134,137-141,178-193). The effect of 
solute size on the B-coefficient is apparent from solvodynamic theories 
applicable to particles in a fluid continuum. In these theories, the increase 
in viscosity due to the presence of the particles arises from the fact that 
they lie across the fluid streamlines and are subject to torsional forces. 
They tend to rotate, and thus absorb energy, this energy absorption 
corresponding to an increased viscosity for the solution. A 'structure-
building' solute lowers the average effective kinetic energy of the solvent 
molecules and thus increases the viscosity of the solution, and leads to a 
high B-coefficient. Because of the exponential relationship between 
viscosity and temperature (194), a rise in temperature of the solution as a 
whole causes B-coefficient to fall, this fall being greater at low than at 
high temperatures. Such behaviour has been used to identify 'structure-
forming' solutes (195). Conversely, 'structure-breaking' solutes should 
have rather low B-coefficients, which increase with temperature 
(189,195). In the case of electrolytes, the B-coefficient is a measure of the 
order or disorder introduced by ions into their co-spheres (196). A 
13 
positive B-coefficient indicates tliat the ions tend to order the solvent 
structure and increase the viscosity of the solution, whereas a negative B-
coefficient indicates disordering and a decrease of viscosity. 
An exhaustive literature survey reveals that a number of 
thermodynamic properties of amino acids and peptides have been studied 
in aqueous medium but few authors have attempted to investigate the 
behaviour of these model compounds of proteins in aqueous electrolyte 
solutions. Consequently, with a view to understanding the 
thermodynamic behaviour of amino acids: L-serine, L-isoleucine, L-
glutamine in 1.5M aqueous solutions of NaCl and NaNOs, and di-peptide: 
glycylglycine in 2.0M aqueous solutions of NaCl and NaNOa, the 
density, ultrasonic velocity and viscosity as functions of amino acid / di-
peptide concentration and temperature have been measured. By 
employing the measured data, the values of the isentropic 
compressibility, change and relative change in isentropic compressibility, 
specific acoustic impedance, relative association, isothermal 
compressibility, internal pressure, solubility parameter, pseudo-gruneisen 
parameter, apparent / partial molal volume, apparent / partial molal 
isentropic compressibility, relative viscosity, specific viscosity and B-
coefficient have been evaluated. These parameters have been discussed in 
terms of solute-solvent and solute-solute intermolecular / interionic 
interactions. It is expected that this study will be helpful in understanding 
the thermodynamic behaviour of proteins in their native as well as in 
denatured states. 
EXPERIMENTAL 
MATERIALS AND SAMPLE PREPARATION 
The amino acids: L-serine, L-isoleucine, L-glutamine and di-peptide: 
glycylglycine used in this work were obtained from SRL (Mumbai). The 
salts namely, sodium chloride and sodium nitrate were purchased from E. 
Merck (India). All the chemicals were of >99% purity. The amino acids and 
di-peptide were used as such without further purification. They were dried at 
~110°C and kept in vacuum desiccator over P2O5 for several hours before 
use. The salts sodium chloride and sodium nitrate were recrystalysed twice 
in triply distilled water, dried in a vacuum oven and then kept over P2O5 in a 
vacuum desiccator at room temperature for a minimum of 24 hours. All the 
solutions were made by weight using a balance having an accuracy of ±0.1 
mg. Stock solutions of 1.5M / 2.0M sodium chloride and sodium nitrate 
were prepared in triply distilled water and used as solvents for the 
preparation of various molal solutions of amino acids and di-peptide. 
TEMPERATURE CONTROL 
A thermostated paraffin bath was used to maintain the desired 
temperature during the measurements of density and viscosity. The bath was 
made up of an immersion heater (1.5 KW), a stirrer, a check thermometer 
(Labotherm-N., German make), a contact thermometer and a relay [Jumo 
type, NT 15.0, 220 V = lOA (German make)]. Thermal stability of the 
thermostat was tbund to be within ±0.1°. 
DENSITY MEASUREMENT 
Fyknometer of approximately 8.5 ml capacity, consisting of a small 
bulb with flat bottom and a graduated stem, was used for the density 
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measurements. The volume at each mentioned mark on the stem of the 
pyknometer was calibrated with the triple distilled water using the literature 
values of density of pure water at required temperature (197). In order to 
check the reproducibility of calibration, the same process was repeated a 
number of times with different amounts of water. The reproducibility of 
density values was found to be within ±0.0002 gmJcm\ The test solution 
was introduced into the calibrated pyknometer, weighed and then it was 
immersed in the paraffin bath. The volume change as a function of 
temperature was recorded and the densities of solutions were determined at 
required temperatures. 
VISCOSITY MEASUREMENT 
Cannon-Fenske viscometer was used for the viscosity measurement of 
various solutions under study. The viscometer consists of three parallel arms 
vvith a common base. The viscometer was calibrated with the triple distilled 
water. The viscosity coefficient values of water at different temperatures 
were taken from literature (198). The clean and dry viscometer was filled 
with test solution and was clamped in the thermostated bath in a vertical 
position. In order to avoid the absorption of moisture by solution, the open 
ends of the three arms of viscometer were attached with the anhydrous 
calcium chloride glass tubes through rubber tubes. The solution was sucked 
into the measuring bulb and was allowed to stand there for about two 
minutes by closing the calcium chloride tubes with rubber corks and then the 
corks were removed for receding the time of fall of solution from the upper 
to lower end of the bulb fixed with the middle arm of viscometer. The 
several readings were recorded at a desired temperature and an average of 
very close values were taken as time of fall for test solution. 
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The viscosity coefficient (r|) was calculated employing the following 
Poiseuille's equation, 
Ti = Ttgh ptr'*/8vl [1] 
where g, h, p, r, I and t are acceleration due to gravity, height of the column 
in the viscometer, density of the liquid, radius of the viscometer's capillary, 
length and time of fall for the liquid of volume v through the capillary, 
respectively. The above equation can also be written as 
71 = ppt [2] 
where (3 = TighrVSvl is a constant for a given viscometer. The viscosity value 
of the test solution was calculated using the reported viscosity values of pure 
water at desired temperature. Equation [3] was employed for the calculation 
of viscosity values of solutions. 
tl,=(piti/p2t2)XTl2 [3] 
where r[i and r|2are viscosity values of solution and solvent, respectively; pi 
and p2 are density values of solution and solvent, respectively; and t] and t2 
are the time of fall of the solution and solvent, respectively. The 
reproducibility in viscosity measurements was found to be within ± 
0.003x10"^ Nm"^ s. 
ULTRASONIC VELOCITY MEASUREMENT 
An ultrasonic interferometer (Mittal's model: M-77, India) was used 
for the measurement of ultrasound velocity at a frequency of 4 MHz in the 
temperature range: 303.15 - 323.15 K. The ultra-thermostat (Type U-10) 
was used to maintain the desired temperature. Water from ultra-thermostat 
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was circulated through the brass jacket surrounding the cell and the quartz 
crystal. The jacket was well insulated and the temperature of the solution 
under study was maintained to an accuracy of ±0.1°. The instrument was 
calibrated with the triple distilled water using the reported ultrasonic 
velocity values of pure water at required temperature (199). 
WORKING PRINCIPLE 
An ultrasonic interferometer is a simple device used to determine the 
ultrasonic velocity in liquids directly with a high degree of accuracy. The 
principle used in the measurement of velocity (u) is based on the accurate 
determination of the wavelength (k) in the medium. The Ultrasonic waves of 
known frequency (f) are produced by a quartz plate fixed at the bottom of 
the cell. A movable metallic plate kept parallel to the quartz plate reflects 
these waves. If the separation between these two plates is exactly a whole 
multiple of the ultrasound wavelength, standing waves are formed in the 
medium. This acoustic resonance gives rise to an electrical reaction on the 
generator driving the quartz plate and the anode current of the generator 
becomes maximum. If the distance is now increased or decreased and the 
variation is exactly one half wavelength (X/2) or multiple of it, the anode 
current again becomes maximum. The velocity can be obtained by using the 
relation, 
u = :>i X f [4] 
DESCRIPTION 
The ultrasonic interferometer consists of two parts (i) the high 
frequency generator and (ii) the measuring cell. The "high frequency 
generator" is designed to excite the quartz plate fixed at the bottom of the 
8 
measuring cell and its resonant frequency to generate ultrasonic waves in the 
liquid filled in the "measuring cell". A micrometer to observe the change in 
current and two controls for the purpose of sensitivity regulation and initial 
adjustments of micrometer are provided on the panel of the high frequency 
generator. The "measuring cell" is a specially designed double walled cell 
for maintaining a constant temperature of the liquid during experiment. A 
fine micrometer screw has been provided at the top, which can lower or raise 
the reflector plate in the liquid in the cell through a knovm distance. It has 
quartz plate fixed at its bottom. 
Instrument was adjusted in the following manner: 
(i) The cell was inserted in the square base socket and clamped to it 
with the help of a screw provided on one of its sides. 
(ii) The curled cap of the cell was unscrewed and removed from the 
double walled construction of the cell. In the middle portion of it the 
experimental liquid was poured and screwed the curled cap. 
(iii) Water was circulated through the two tubes fitted with the double 
wall construction in order to maintain the desired temperature. 
(iv) The cell was connected with the high frequency generator by a co-
axial cable provided with the instrument. 
For the initial adjustment, two knobs are provided on high frequency 
generator, one is marked with 'Adj' and the other with 'Gain'. With knob 
marked 'Adj' the position of needle on the ammeter was adjusted and the 
knob marked 'Gain' was used to increase the sensitivity of the instrument 
for greater deflection. The ammeter was used to record the maximum 
deflections by adjusting the micrometer. 
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MEASUREMENTS 
The measuring cell was connected to the output terminal of the high 
frequency generator through a shielded cable. The cell was filled with the 
liquid before switching on the generator. The ultrasonic waves of 4 MHz 
ti-equency produced by a gold plated quartz crystal fixed at the bottom of a 
cell are passed through the medium. A movable plate reflects the waves and 
the standing waves are formed in the liquid in between the reflector plate 
and the quartz crystal. Acoustic resonance due to these standing waves gives 
rise to an electrical reaction to the generator driving the quartz plate and the 
anode current of the generator becomes maximum. The micrometer screw 
was raised slowly to record the maximum anode current. The wavelength 
was determined with the help of a total distance moved by the micrometer 
for twenty maximum readings of the anode current. The total distance (d) 
gives the value of wavelength with the help of the relation, d = n x A,/2, 
where n is the maximum number of readings. Using the wavelength, the 
ultrasound velocity in the liquid was obtained with the help of Equation [4]. 
The reproducibility in velocity measurement was found to be within ±0.5 
ms''. 
PRECAUTIONS 
1. The generator was switched on after filling the cell by the 
experimental liquid. 
2. The experimental liquid was removed fi-om the cell after use. 
3. The micrometer was kept open at 25 mm after use. 
4.The sudden rise or fall in the temperature of circulated liquid was 
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avoided to prevent thermal shock to the quartz crystal. 
5.While cleaning the cell, care was taken not to spoil or scratch the 
gold plating on the quartz crystal. 
6,The generator was given 15 minutes warming up time before 
observation. 
CHAPTER! 
Ultrasonic Velocity and Intermolecular / 
Interionic Interactions in L-Serine-, L-Isoleucine-, 
L-Glutamine- and Glycylglycine- Aqueous NaCl / 
NaNOs Systems 
INTRODUCTION 
The ultrasonic velocity and its derived parameters such as isentropic 
compressibility, change and relative changes in isentropic compressibility, 
specific acoustic impedance and relative association provide fruitful 
qualitative and quantitative information regarding the nature and strength of 
intermolecular / interionic interactions (200-204). Ultrasonic velocity and its 
derived parameters' data have also been proved to be useful for gaining 
information on the dynamics of systems (205-207), physical nature of the 
aggregates occurring in the solution (32,205,206) and structural changes of 
solutes and solvents in solutions (208). The experimental measurements of 
ultrasonic velocity and density data enable the determination of isentropic 
compressibility, change and relative changes in isentropic compressibility, 
specific acoustic impedance and relative association values. The study of 
change and relative change in isentropic compressibility values of solution 
with respect to the solvent provide some additional information about the 
nature and the strength of such intermolecular / interionic interactions 
(32,209,210). 
The trends of variation of ultrasonic velocity with concentration and 
temperature depend on the equilibrium properties of amino acids and 
peptides in aqueous medium and aqueous electrolyte solutions. Their 
equilibrium properties in solution are determined by the relative magnitude 
of electrostriction caused by the polar terminal groups and the extent of 
interaction between ions and hydrophilic groups. A number of researchers 
carried out ultrasonic velocity measurements of amino acids 
(25,131,143,149,167,208,211), peptides (6,25,142,144,167) and proteins 
(119,171,212,213) in aqueous, mixed aqueous and organic solvent media ^ 
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in order to study the zwitterions- water dipole, hydrophobic- water dipole, 
zwitterions-ion, ion-water dipole, zwitterions- organic solvent interactions. 
However, very few studies have been made on the behavior of amino acids 
and peptides in aqueous electrolyte solutions (142-144,149,167). 
In this chapter, the measured values of density and ultrasonic velocity 
for ternary systems: L-serine / L-isoleucine / L-glutamine + (1.5M) NaCl / 
NaNOs + water, and glycylglycine + (2,0M) NaCl / NaNOj + water, have 
been reported as functions of concentration of amino acid / di-peptide and 
temperature. Employing these data, the isentropic compressibility, change in 
isentropic compressibility, relative change in isentropic compressibility 
specific acoustic impedance and relative association values have been 
computed. The intermolecular / interionic interactions have been studied in 
terms of these measured and computed thermodynamic parameters. 
RESULTS AND DISCUSSION 
The measured density values (p) as functions of solute concentration 
and temperature for the ternary systems: L-serine / L-isoleucine / L-
glutamine + (1.5M) NaCl / NaNOs + water, and glycylglycine + (2.0M) 
NaCl / NaNOa + water; have been listed in Table 1.1. The density values 
have been least squares fitted to the following polynomial equations, 
p = Po + Pim + p2m^ [LI] 
P = PO' + P , ' T + P 2 ' T ' [ L 2 ] 
where po, pi, p2 , po', Pi', P2' are the fitted coefficients; m and T are the 
molal concentration of solution and temperature, respectively. 
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Table 1.1: Density values (p xlO"V kg m'^ ) as functions of concentration and 
temperature 
(i) L-serine in 1.5M aqueous NaCl solution 






























































































aqueous NaNOj solution 




















































(iii) L-isoleucine in 1.5M aqueous NaCl solution 



















































































































































(v) L-glutamine in 1.5M aqueous NaCl solution 


















































































































































































(viii) Glycylglycine in 







































































2.0M aqueous NaNOj solution 










































The fitted coefficients of the above polynomial equations along with the 
standard deviations are listed in Tables 1.2 and 1.3, respectively. The density 
values exhibit an usual increasing trend of variation with increase in amino 
acid / di-peptide concentration and a decreasing trend of variation with 
increase in temperature as shown in plots of density versus concentration of 
solute at different temperatures. These plots have been exhibited in Figures 
1.1-1.8. 
The measured ultrasonic velocity values (u) for amino acids and di-
peptide in 1.5 M / 2M aqueous solutions of NaCl and NaNOs are given in 
Table 1.4. The observed values of u are least-squares fitted to the following 
polynomial equations, 
u = Uo + uim + U2m^  [1.3] 
u = uo'+u,'T-fU2'T^ [1-4] 
where Uo, u,, ,U2, uo', Ui', U2' are the fitted coefficients; m and T are the 
molal concentration of the amino acids / di-peptide and temperature, 
respectively. The fitted coefficients along with standard deviations are listed 
in Tables 1.5 and 1.6, respectively. The trends of variation of ultrasonic 
velocity with solute concentration at different temperatures are shown in 
Figures 1.9-1.16. The ultrasonic velocity values for all the systems under 
investigation have been found to be increasing almost linearly with increase 
in concentration of amino acids / di-peptide. The similar increasing trends of 
variation of ultrasonic velocity with increase in solute concentration were 
reported earlier by Hirata and Arakawa (214), Magazu et al. (215), Rohman 
and Mahiuddin (216), and Ragouvamane et al. (28). 
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Table 1.2: Least squares fit coefficients of the density equation, 
p = po + pim + p2ni as a function of temperature 












































































































































































































































































































































Table 1.3: Least squares fit coefficients of the density equation, 
p = Po' + pi'T + p2'T^ as a function of concentration 
(i) L-serine in 1.5M aqueous NaCI solution 













































































































(iii) L-isoleucine in 1.5M aqueous NaCl solution 



















































(iv) L-isoleucine in 1.5M aqueous NaNOj solution 





















































(v) L-glutamine in 1.5M aqueous NaCl solution 



















































(vi) L-glutamine in 1.5M aqueous NaNOs solution 










































































































(viii) Glycylglycine in 2.0M aqueous NaNOs solution 
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Fig 1.1: Plots of density versus concentration of L-serine 
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Fig 1.2: Plots of density versus concentration of L-serine 
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Fig 1.3: Plots of density versus coneentration of L-isoleucine 
in 1.5M aqueous NaCl solution. 
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Fig 1.4: Plots of density versus concentration of L- isoleucine 
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Fig 1.5: Plots of density versus concentration of L-glutamine 
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Fig 1.6: Plots of density versus concentration of L- glutamine 
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Fig 1.7: Plots of density versus concentration of glycylglycine 
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Fig 1.8: Plots of density versus concentration of glycylglycine 
in 2.0M aqueous NaNO? solution. 
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Table 1.4: Ultrasonic velocity values (u/ ms'') as functions of concentration 
and temperature 
(i) L-serine in 1.5M aqueous NaCl solution 































































































































(iii) L-isoleucine in 1.5M aqueous NaCl solution 






























































(iv) L- isoleucine in 1.5M aqueous NaNOj solution 





























































































































(vi) L- glutaniine in 1.5M aqueous NaNOj solution 































































(vii) Glycylglycine in 2.0M aqueous NaCl solution 





























































(viii) Glycylglycine in 2.0M aqueous NaNOa solution 































































Table 1.5: Least-squares fit coefficients of the ultrasonic velocity equation, 
u = uo + ui m + U2 m^ as a function of temperature 










































































































(iv) L- isoleucine in 1.5M aqueous NaNOa solution 
Uo/ms"' ui/(ms'') U2/(ms"') 



























(v) L-glutamine in 1.5M aqueous NaCI solution 
Temperature/ UQ/ ms 
K 
-1 ui/(ms"^) U2/(ms-^ ) a[u]Xl0 




























(vi) L-glutamine in 1.5M aqueous NaNOj solution 
uo/ms' ui/(ms-') U2/(ms'') 

































































































Table 1.6: Least-squares fit coefficients of the ultrasonic velocity equation, 
u = uo' + ui' T + U2' T as a function of concentration 
(i) L-serine in 1.5M aqueous NaCl solution 
Cone / mol kg- uo' / ms -1 u,'/(ms-') U2'/10" 















































(ii) L-serine in L5M aqueous NaNOs solution 
Cone / mol kg' UQ' /ms' -I u,V(ms-') U2'/10 -3 
















































(iii) L-isoleucine in 1.5M aqueous NaCI solution 











































































































(v) L-glutamine in 1.5M aqueous NaCI solution 




















































































































































(viii) Glycylglycine in 2.0M aqueous NaNOa 
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Fig. 1.9: Plots of ultrasonic velocity versus concentration 
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Fig.1.10: Plots of ultrasonic velocity versus concentration 
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Fig.1.11: Plots of ultrasonic velocity versus concentration 
of L-isoieucine in 1.5M aqueous NaCl solution. 
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Fig. 1.12: Plots of ultrasonic velocity versus concentration 







J L l _ 
0.04 0.08 0.12 0.16 
Cone / mol kg" 
Fig.1.13: Plots of ultrasonic velocity versus concentration 
of L-glutamine in 1.5M aqueous NaCl solution. 
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Fig.1.14: Plots of ultrasonic velocity versus concentration 
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Fig. 1.15: Plots of ultrasonic velocity versus concentration 
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Fig. 1.16: Plots of ultrasonic velocity versus concentration 
of glycylglycine in 2.0M aqueous NaNO? solution. 
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This increasing trend in ultrasonic velocity values.feay\b^'Attributed to the 
corresponding increasej in solute-solute, solute-solvent electrostatic 
interactions in solutions with successive increasesin amino acid / di-peptide 
concentration. These electrostatic interactions, which probably occur 
between the terminal charged groups (NHB^ and COO") of amino acids / 
glycylglycine and ions: Na^ CI' and NO3" furnished by the electrolytes 
(NaCl, NaNOs) increase on successive increases in number of charged 
species in solutions. Consequently, the electrostatic interactions contribute 
comprehensively to the overall cohesion in the solutions, which further 
enhanced on successive increasejin solute concentration in solutions (217). It 
appears that the added amount of amino acids / di-peptide to solution may 
occupy the cavities of water which would cause the formation of denser 
structure of the aqueous electrolyte solution (205) and this process would 
have continued until a solute concentration is reached at which all cavities 
are filled. 
The ultrasonic velocity values for L-serine-, L-isoleucine-, L-
glutamine-, glycylglycine- (1.5M / 2.0M) aqueous NaCl solutions are found 
to be higher than those for L-serine-, L-isoleucine-, L-glutamine-, 
glycylglycine- (I.5M / 2.0M) aqueous NaNOs solutions at all temperatures 
of the study. The higher values of u for amino acids / di-peptide in 1.5M / 
2.0M aqueous NaCl solution may be explained in terms of relative structure 
making behavior of CI" and NOs" ions in the solutions. Na^, a weak 
structure - making ion (218), is common ion in both solvent systems that is 
in aqueous NaCl solution as well as in aqueous NaNOa solution. Na^ ion 
should have affinity for COO' terminal group of L-serine, L-isoleucine, L-
glutamine and glycylglycine; whereas the CI' and NO3' ions should have 
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affinity for NH4^ terminal group of the amino acids / di-peptide. The more 
structure- making tendency of CI" ion due to its smaller size than that of 
NO3" ion may cause the larger cohesion in solutions, which in turn cause to 
higher u values of amino acids / di-peptide-aqueous NaCl solutions than 
those of amino acids / di-peptide-aqueous NaNOs solutions. The ultrasonic 
velocity values for glycylglycine have been found to be higher than those for 
amino acids (L-serine, L-isoleucine, L-glutamine) in both aqueous 
electrolyte solutions. The higher value of u for glycylglycine than those for 
amino acids may be due to the higher concentration (2M) of aqueous NaCl / 
NaNOs solution (used as solvents). 
The ultrasonic velocity values for the amino acids / glycylglycine-
aqueous electrolyte solutions have been found to be increasing with increase 
in temperature. This increasing trend may be attributed to the formation of 
more compact clusters of water with increase in temperature. The rise in 
temperature may have broken the hydrogen bonding in water forming the 
small in size but compact aggregates / clusters in solution having numerous 
cavities, in which non-hydrogen bonded water molecules / solute molecules 
(206) may be accommodated. 
The isentropic compressibility values (KS) of amino acids / di-peptide-
aqueous electrolyte solutions have been evaluated using the following 
Newton-Laplace expression, 
1 
pU ^ ^ 
where p and u are the measured density and ultrasonic velocity values of 
solutions. The calculated values of isentropic compressibility as functions of 
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solute concentration and temperature have been listed in Table 1.7. The 
trends of variation of KS values with increasing amino acid / di-peptide 
concentration at different temperatures have been plotted in Figures 1.17-
1.24. The isentropic compressibility values for 1.5 M aqueous solutions of 
NaCl and NaNOs have been found to be lesser than that of the reported 
value of Ks for water at 303.15 K. The observed KS values for 1.5 M aqueous 
solutions of NaCl and NaNOj at 303.15 K are 37.28 and 37.85 (x 10"" 
m N" ), respectively, whereas the corresponding reported value for water is 
44.10 (x 10'" m^N'') (130). The smaller magnitude of KS values for 1.5 M 
aqueous solutions of NaCl and NaNOs than that for water may be ascribed 
to two effects (214): (i) the decrease in KS value caused by the introduction 
of incompressible ions (Na^, CI" and NO3" ) into water, and (ii) the changes 
occurred in bulk water structure in the vicinity of ions. Furthermore, the KS 
values of amino acids / di-peptide-aqueous NaCl solutions are found to be 
smaller than thw<of amino acids / di-peptide- aqueous NaNOs solutions. 
This behaviour may be attributed to the smaller size of CI" ion than that of 
NO3" ion. Desnoyer and Jolicoeur have reported the similar contention in 
their study (219). In aqueous electrolyte solutions, it is known that ions exert 
a strong influence on the structure of water. Some ions, including Na\ tend 
to orient water dipoles in a radial pattern around it, producing electrostricted 
water of low compressibility. Others, such as CI", tend to break the normal 
structure of water, producing unbound water of high compressibility (207). 
Conversely, non-electrolyte molecules, such as alcohols and amines, have 
been described as promoting the ice-like structure of the water, making it 
less compressible than normal water (7,220,221). It seems that NO3" ion 
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Table 1.7: Isentropic compressibility values (KS/10''' m^N"') as functions 
of concentration and temperature 
(i) L-serine in 1.5M aqueous NaCI solution 































































































































(iii) L-isoleucine in 1.5M aqueous NaCl solution 






























































(iv) L- isoleucine in 1.5M aqueous NaNOj solution 






























































(v) L-glutamine in 1.5M aqueous NaCl solution 






























































(vi) L- glutamine in 1.5M aqueous NaNOs solution 































































(vii) Glycylglycine in 2.0M aqueous NaCl solution 






























































(viii) Glycylglycine in 2.0M aqueous NaNOa solution 
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Fig.1.17: Plots of isentropic compressibility versus concentration 
of L-serine in 1.5M aqueous NaCl solution. 
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Fig.1.18: Plots of isentropic compressibility versus concentration 
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Fig.1.19: Plots of isentropic compressibility versus coneentration 
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Fig.1.20: Plots of isentropic compressibility versus concentration 
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Fig.1.21: Plots of isentropic compressibility versus concentration 
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Fig. 1.22: Plots of isentropic compressibility versus concentration 
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Fig. 1.23: Plots of isentropic compressibility versus concentration 
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Fig.1.24: Plots of isentropic compressibility versus concentration 
of glycylglycine in 2.0M aqueous NaNO? solution. 
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break the normal structure of water, producing unbound water of high 
compressibility. 
The isentropic compressibility values for all the systems under 
investigation have been found to decrease with successive increases in the 
concentration of amino acids / di-peptide in aqueous NaCl / NaNOs 
solutions. The trends of variation of isentropic compressibility with increase 
in amino acids / di-peptide concentration at different temperatures have been 
displayed in Figures 1.17-1.24. This decrease may be ascribed to the 
formation of compact entities / structures of zwitterions-water dipole and 
zwitterions-ion in solution. The zwitterions interact electrostatically with the 
ions (Na"^ , CI', NO3' ) furnished by electrolytes and polar water molecules 
through their charged terminal groups (NHa^ and COO"). 
A close examination of Table 1.7 reveals that the KS values for all the 
systems under investigation decrease with increase in temperature. This 
decrease in isentropic compressibility seems due to the thermal rupture of 
ordered solvents structure (27). The decrease m isentropic compressibility 
values with increase in temperature in all systems under study may be 
explained in terms of the changes occurred in water structure around 
zwitterions and ions (Na"^ , Cf and NO3'). Water is regarded as an 
equilibrium mixture of two structures such as an ice-like structure and a 
close packed structure (41,222). Compressibility of liquid water is given as, 
Ks= K00+ Kreiax/(l+o> "^  ) , whcrc Koo IS an instantaneous part of compressibility 
and Kreiax. & rclaxational part of compressibility (41). The relaxational time x, 
corresponding to Kreiax. is of the order of 10' sec. The relation COT<1 hold in 
the present experiment, where co is the angular frequency. Thus, the 
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isentropic compressibility obtained is equal to (KOO+ Kreiax). With the rise in 
temperature, K^O increases due to thermal expansion and Kreiax. decreases due 
to thermal rupture of the ice-like structure. Thus, the decrease in isentropic 
compressibility values with increase in temperature may be attributed to the 
corresponding decrease of Kreiax, which is dominant over the corresponding 
increase of KOO. This behaviour of variation of KS values as fiinctions of 
concentration of amino acids / di-peptide and temperature is in consonance 
with variation of ultrasonic velocity values with variations in the 
concentration of amino acids / di-peptide and temperature. 
The change in isentropic compressibility values (AKS) have been 
computed by using the following expression (29), 
AKS = KO-Ks = A +Bm [1.6] 
where A is the intercept while B is the slope value of AKS versus m plot; KQ 
and KS are the isentropic compressibility values of solvent and solution, 
respectively. The obtained AKS values as functions of solute concentration 
and temperature are listed in Table 1.8. These AKS values show an increasing 
linear trend of variation with increase in solute concentration and an 
irregular trend with increase in temperature (Figures 1.25-1.32). A close 
observation of apparently linear plots indicate that the intercept values for all 
the systems under investigation are zero or close to zero, except those for L-
serine in aqueous NaCl at all temperatures of the study; L-glutamine in 
aqueous NaNOj at 303.15K, 308.15K, 313.15K and 323.15K; and 
glycylglycine in aqueous NaNOjat 318.15K and 323.15K. The deviation of 
intercept values from zero may be due to strong solute-solute and solute-
solvent intermolecular / interionic interactions in the systems. 
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Tabiel.8: Change in isentropic compressibility values (AKS/10''^ m^N"') as 
functions of concentration and temperature 
(i) L-serine in 1.5M aqueous NaCl solution 
























































(ii) L-serine in 1.5M aqueous NaNOj solution 

























































(iii) L-isoleucine in 1.5M aqueous NaCI solution 























































(iv) L- isoleucine in 1.5M aqueous NaNOj solution 

























































(v) L-glutamine in 1.5M aqueous NaCl solution 
























































(vi) L-glutamine in 1.5M aqueous NaNOa solution 

























































(vii) Glycylglycine in 2.0M aqueous NaCI solution 
























































(viii) Glycylglycine in 2.0M aqueous NaNOj solution 
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Fig.1.25: Plots of change in isentropic compressibility versus 
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Fig.1.26: Plots of change in isentropic compressibility versus 
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Fig.1.27: Plots of change in isentropic compressibility versus 
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Fig.1.28: Plots of change in isentropic compressibility versus 
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Fig.1.29: Plots of change in isentropic compressibility versus 
concentration of L-glutamine in 1.5M aqueous NaCl solution. 
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Fig.1.30: Plots of change in isentropic compressibility versus 
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Fig.1.31: Plots of change in isentropic compressibility versus 
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Fig.1.32: Plots of change in isentropic compressibility versus 
concentration of glycylglycine in 2.0M aqueous NaNOs solution. 
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The relative change in isentropic compressibility (AKS / KQ) has been 
calculated using the following expressions, 
Ks = Ko-aKo [1.7] 
a = ( K O - K S ) / K O = AKS/KO [1.8] 
AKs/Ko=A'+B'm [1.9] 
where a represents the relative change in isentropic compressibility. A' and 
B' stand for the intercept and slope values of (AKS / KQ) versus m plot, 
respectively, while the KQ and KS values represent the isentropic 
compressibility of solvent and solution, respectively. The calculated values 
of relative change in isentropic compressibility for L-serine / L-isoleucine / 
L-glutamine / glycylglycine- (1.5M / 2.0M) aqueous NaCl / NaNOs solutions 
have been summarized in Table 1.9. The trend of variation of these values 
has been found to increase with increase in amino acids as well as di-peptide 
concentration (Figures 1.33-1.40). This increase in (AKS / KQ) values may be 
due to the corresponding increase in the incompressible part in the solution. 
The irregular trend of variation of relative change in isentropic 
compressibility values with increase in temperature may be due to the 
thermal rupture of solvent structures in solutions. It has been observed that 
the intercept values for L-serine in aqueous NaNOs at 303.15K and 
318.15K; L-isoleucine in aqueous NaCl at 303.15K, 313.15K and 318.15K; 
L-isoleucine in aqueous NaNOs at 303.15K, 313.15K, 318.15K and 
323.15K; L-glutamine in aqueous NaCl at all temperatures of the study; and 
glycylglycine in aqueous NaNOs at 303.15K have been found to be zero or 
close to zero. The intercept values for other systems have been found to 
exhibit deviation from zero value indicating a strong solute-solute and solute 
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Table 1.9: Relative change in isentropic comi'f/^ esMb^ iiity values, (AKJ/KO) 
xlO^ as functions of concentration and temperature 
(i) L-serine in 1.5M aqueous NaCl solution 
























































(ii) L-serine in 1.5M aqueous NaNOa solution 
Cone/mol kg"' Temperature/K 


















































(iii) L-isoleucine in 1.5M aqueous NaCl solution 























































(iv) L-isoleucine in 1.5M aqueous NaNOa solution 
























































(v) L-glutamine in 1.5M aqueous NaCl solution 
Cone / mol kg' Temperature / K 

















































(vi) L-glutamine in l.SM aqueous NaNOj solution 
Cone / mol kg"' Temperature / K 


















































(vii) Glycylglycine in 2.0M aqueous NaCl solution 
























































(viii) Glycylglycine in 2.0M aqueous NaNOs solution 
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Fig.1.33: Plots of AKS/KQ versus concentration of L-serine 
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Fig.1.34: Plots of AKS/KQ versus concentration of L- serine 
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Fig.1.35: Plots of AKS/KQ versus concentration of L-isoleucine 
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Fig.1.36: Plots of AKS/KQ versus concentration of L- isoleucine 
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Fig.1.37: Plots of AKS/KQ versus concentration of L-glutamine 
in 1.5M aqueous NaCl solution. 
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Fig.1.38: Plots of AKS/KQ versus concentration of L- glutamine 
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Fig.1.39: Plots of AKJ/KQ versus concentration of glycylglycine 
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Fig.1.40: Plots of AKJ/KQ versus concentration of glycylglycine 
in 2.0M aqueous NaN03 solution. 
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-solvent intermolecular / interionic interactions in solutions. 
The specific acoustic impedance value (Z) has been calculated using 
the following relations, 
Zo=poUo [1.10] 
Z = pu [1.11] 
The terms in the above expressions have their usual meaning. The calculated 
values of the specific acoustic impedance are summarized in Table 1.10. The 
Z values have been found to increase almost linearly with increase in the 
concentration of amino acid / di-peptide as well as with temperature for all 
the systems under investigation. These trends of variation of Z values with 
solute concentration at different temperatures have been plotted in Figures 
1.41-1.48. The observed increasing trends of variation of Z values with 
increase in solute concentration may be attributed to an apparent reduction in 
the repulsive forces (dissociation). 
The relative association parameter values (RA) have been 
calculated using the following expression (223), 
RA = — 
Po 
p ^ •• ^ " ' 
V u y 
[1.12] 
where the terms have their usual meaning. The calculated values of relative 
association as functions of solute concentration and temperature have been 
listed in Table 1.11 .The values of relative association parameter exhibit an 
increasing trend of variation with increase in concentration for L-serine, L-
glutamine and glycylglycine in both aqueous electrolyte solutions whereas 
values for L-isoleucine show a decreasing trend of variation. 
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Tablel.lO: Specific acoustic impedance values (Z/10' kg m' s' ) as 
functions of concentration and temperature 
(i) L-serine in 1.5M aqueous NaCI solution 

































































































































(iii) L-isoIeucine in 1.5M aqueous NaCI solution 






























































(iv) L-isoIeucine in 1.5M aqueous NaNOj solution 






























































(v) L-glutamine in 1.5M aqueous NaCl solution 






























































(vi) L-glutamine in 1.5M aqueous NaNOj solution 































































(vii) Glycyiglycine in 2.0M aqueous NaCl solution 






























































(viii) Glycyiglycine in 2.0M aqueous NaN03 solution 
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Fig. 1.41: Plots of specific acoustic impedance versus 
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Fig. 1.42: Plots of specific acoustic impedance versus 
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Fig.1.43: Plots of specific acoustic impedance versus 
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Fig.1.44: Plots of specific acoustic impedance versus 
concentration of L- isoleucine in 1.5M aqueous NaNOs 
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Fig.1.45: Plots of specific acoustic impedance versus 
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Fig.1.46: Plots of specific acoustic impedance versus 
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Fig.1.47: Plots of specific acoustic impedance versus 
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Fig.1.48: Plots of specific acoustic impedance versus 
concentration of glycylglycine in 2.0M aqueous NaN03 
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Table 1.11: Relative association (RA) as functions of concentration and 
temperature 
(i) L-serine in 1.5M aqueous NaCl solution 


















































































































(iii) L-isoleucine in 1.5M aqueous NaCl solution 
























































(iv) L-isoleucine in 1.5M aqueous NaNOs solution 

























































(v) L-glutamine in 1.5M aqueous NaCl solution 























































(vi) L-glutamine in 1.5M aqueous NaNOa solution 


















































































































(viii) Glycylglycine in 2.0M aqueous NaNOj solution 

























































A close observation of Table 1.11, shows that the magnitude of RA values is 
either one or close to one. This indicates that the systems under investigation 
are essentially ideal in nature. 
CHAPTER -II 
Isothermal Compressibilities, Internal Pressures, 
Solubility Parameters and Pseudo-Gruneisen 
Parameters of L-Serine-, L-Isoleucine-, L-
Glutamine- and Glycylglycine- Aqueous NaCl / 
NaNOs Systems 
INTRODUCTION 
Isothermal compressibility is a sensitive measure of solute-solvent 
interactions and as such, can be used to monitor solute hydration in an 
aqueous solution (42,43). The isothermal compressibility has been well 
utilized to study the equilibrium as well as transport properties of various 
systems (224-226). Though, it is not an easy task to determine isothermal 
compressibility directly (43) but, through ultrasonic velocity, density and 
heat capacity at constant pressure measurements, it can be determined 
indirectly (44,45). It has been widely evaluated by several workers 
(44,65,66,130,168,227) to elucidate the intermolecular / interionic 
interactions in aqueous and mixed aqueous solutions of amino acids, 
peptides and proteins. These data have been interpreted in terms of 
intermolecular / interionic interactions operative in the systems. 
Internal pressure is known to be a measure of overall cohesion 
(dispersion, repulsion, ionic and dipolar interactions) in liquid systems. It 
has been widely used (73,76,81-83,228,229) to investigate the 
intermolecular interactions in liquid systems. Suiyanarayana (76) suggested 
an indirect method for evaluating internal pressure using the viscosity, 
density and ultrasonic velocity data. This method has been used (81) to study 
the internal pressure of pure liquids, binary liquid mixtures and solutions of 
electrolytes and non-electrolytes (81). Pandey et al. (230) extended the 
proposed method for evaluating the internal pressure values of multi-
component systems. 
Hildebrand et al introduced the concept of cohesive energy density, 
which is the energy of isothermal vaporization from the liquid to the ideal-
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gas state. The square root of the cohesive energy density is known as 
solubility parameter (5). The Solubility parameter has been found to be 
useful for assessing the compressibilities of various substances. It has served 
as an efficient guide in the selection of proper compounding ingredients 
(94,95) and solvenis for polymeric substances and paints (96,97). The 
pseudo-gruneisen parameter, which accounts for the molecular association in 
solutions, has been evaluated by a number of researchers (98-109). It is a 
dimensionless constant governed by the molecular order and structure. 
In this chapter, an attempt has been made to evaluate the isothermal 
compressibility values employing the McGowan's and Pandey's relations, 
the internal pressure, the solubility parameter and the pseudo-gruneisen 
parameter values using the experimental ultrasonic velocity and density data 
for ternary systems: L-serine / L-isoleucine / L-glutamine + (1.5M) NaCl / 
NaNOs + water; and glycylglycine + (2.0M) NaCl / NaNOs + water. The 
computed values have been used to study the intermolecular / interionic 
interactions in the systems under investigation. 
RESULTS AND DISCUSSION 
The measured density and ultrasonic velocity values for L-serine / L-
isoleucine / L-glutamine / glycylglycine - 1.5M / 2.0M aqueous NaCI / 
NaNOs systems have been used to determine the isothermal compressibility 
employing the following McGowan's expression (KJI) (47), 
KT, =1 .33X10-V (6.4x10"^ U^^^P) ^ 2^ [2.1]. 
Pandey and Vyas (46) suggested another relation to calculate the isothermal 
compressibility value (KT2) by replacing the arbitrary constant in the 
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denominator of McGowan's relation by temperature term, which can be 
written as, 
K T 2 = 1 7 . 1 X 1 0 - ' / T ' ' ' U ' P ' ' ' [2.2]. 
The computed isothermal compressibility values (KTI and KT2) for L-serine / 
L-isoleucine / L-glutamine / glycylglycine -aqueous NaCl / NaNOa systems 
have been listed in Table 2.1. The KTI values obtained from the McGowan's 
relation have been further utilized to calculate the internal pressure, 
solubility parameter and specific heat ratio values for the systems under 
investigation. The KTI and KT2 values have been found to be decreasing with 
increase in concentration of amino acids /di-peptide in aqueous NaCl / 
NaNOa solutions. The trends of variation of KTI and KT2 with variations in 
solute concentration and in temperature are similar to those of trends of 
variations of isentropic compressibility values for the systems. The trends of 
variation of KJI values with solute concentration at different temperature 
have been plotted in the Figures 2.1-2.8. The decrease in isothermal 
compressibility values with increase in amino acids / di-peptide 
concentration may be attributed to a corresponding increase in 
electrostriction of water with successive increasesin the solute concentration 
in solutions. This increase in electrostriction of bulk water may cause a 
decrease in the amount of water, which in turn, may cause the corresponding 
decrease in the isothermal compressibility values of solutions (231,3232). 
Furthermore, the increase in electrostriction would probably cause a 
decrease in free volume and the average kinetic energy of constituents of the 
solutions. An observation of Table 2.1 also reveals that the KTI and KT2 
values show a decreasing trend of variation with increase in temperature. 
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Table 2.1: Isothermal compressibility values (KJ/IO" m N" ) as functions of 
concentration and temperature 
(i) L-serine in 1.5M aqueous NaCI solution 











































































































KT values obtained using equation [2.2] are listed in parentheses. 
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(ii) L-serine in 1.5M aqueous NaNOa solution 










































































































KT values obtained using equation [2.2] are listed in parentheses. 
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KT values obtained using equation [2.2] are listed in parentheses. 
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KT values obtained using equation [2.2] are listed in parentheses. 
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KT values obtained using equation [2.2] are listed in parentheses. 
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Kj values obtained using equation [2.2] are listed in parentheses. 
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Kj values obtained using equation [2.2] are listed in parentheses. 
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Fig.2.1: Plots of isothermal compressibility versus concentration 
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Fig.2.2: Plots of isothermal compressibility versus concentration 
of L-serine in 1.5M aqueous NaNOs solution. 
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Fig.2.3: Plots of isothermal compressibility versus concentration 
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Fig.2.4: Plots of isothermal compressibility versus concentration 
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Fig.2.5: Plots of isothermal compressibility versus concentration 
of L-glutamine in 1.5M aqueous NaCl solution. 
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Fig.2.6: Plots of isothermal compressibility versus concentration 
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Fig.2.7: Plots of isothermal compressibility versus concentration 
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Fig.2.8: Plots of isothermal compressibility versus concentration 
of glycylglycine in 2.0M aqueous NaNOs solution. 
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This decrease in isothermal compressibility values of amino acids / di-
peptide - aqueous electrolyte systems may be explained in terms of two 
structural types of water aggregates (a structured form and a non-structured 
or less structured form) present in solutions. The variation in KJI and KTI 
values with temperature for the structured form is negative, while it is 
positive for less structured form. At low temperatures, the structured form of 
water aggregates is the predominant species while at higher temperatures the 
less structured form predominates (41,166,233,234). Alternatively, the 
compressibility may be expressed as a sum of the two contributions (i) an 
instantaneous part of compressibility and (ii) a relaxational part of 
compressibility (235). With increase in temperature the instantaneous part of 
compressibility increases due to thermal expansion while the relaxational 
part decreases due to thermal rupture of solvent structure. Thus, the decrease 
of compressibility values with increase in temperature of all the systems 
under investigation may be attributed to a decrease in the relaxational part of 
compressibility, which is dominant over the increase of instantaneous part 
(166). 
The internal pressure values (Pj) for the systems under investigation 
have been computed by using following relation, 
P, = — - P [2.3] 
where P is the external pressure at a given temperature and it may be 
considered negligible in comparison to Pj value. Therefore, the term P can be 
neglected in the above expression and it may be written as follows, 
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ttxT 
Pi = — [2-4] 
/ V -T-
ai, the coefficient of thermal expansion, has been computed from the 
temperature dependent data of density, employing the following relation, 
aT = -l/p(ap/aT)p [2.5] 
The calculated values of a j and internal pressure have been listed in Tables 
Al of appendix and 2.2, respectively. The observed values of internal 
pressure have been found to be increasing with increase in solute 
concentration as may be envisaged from the plots of internal pressure versus 
solute concentration at different temperatures (Figures 2.9-2.16). This 
increasing trend of variation of Pi with solute concentration may be due to an 
increase in cohesive forces in systems. The trends of variation of internal 
pressure values for amino acids / glycylglycine - aqueous electrolyte systems 
have also been found be increasing with increase in temperature, which may 
apparently be attributed to a decrease in the repulsive forces among the 
constituents of the system. It seems that the increase in the values of internal 
pressure is closely associated with the expansivity of the system with 
temperature, as a consequence of which the molecular / ionic species or 
clusters get closer to the extent envisaged by the expansivity of the system 
under investigation. This will, therefore, account for the increase in the 
internal pressure values with successive increases in temperature. 
The square root of the cohesive energy density of the internal 
•to 
pressure, referred as the solubility parameter (6) has been computed 
employing the following expression. 
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Table 2.2: Internal pressure values (P/IO^ Nm"^ ) as functions of 
concentration and temperature 
(i) L-serine in 1.5M aqueous NaCI solution 
Cone / mol kg'' Temperature / K 

















































(ii) L-serine in 1.5M aqueous NaNOj solution 
Cone/mol kg"' Temperature / K 


















































(iii) L-isoleucine in 1.5M aqueous NaCl solution 
























































(iv) L-isoleucine in 1.5M aqueous NaNOs solution 
Cone/mol kg"' Temperature /K 











































































































(vi) L-glutamine in 1.5M aqueous NaNOj solution 


















































































































(viii) Glycylglycine in 2.0M aqueous NaN03 solution 
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Fig.2.9: Plots of internal pressure versus concentration 
of L-serine in 1.5M aqueous NaCl solution. 
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Fig.2.10: Plots of internal pressure versus concentration 
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Fig.2.11: Plots of internal pressure versus concentration 
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Fig.2.12; Plots of internal pressure versus concentration 
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Fig.2.13: Plots of internal pressure versus concentration 
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Fig.2.14: Plots of internal pressure versus concentration 
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Fig.2.15: Plots of internal pressure versus concentration 
of glycylglycine in 2.0M aqueous NaCl solution. 
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Fig.2.16: Plots of internal pressure versus concentration 






= (Pi)"" [2.6] 
The computed values of solubility parameter for all the systems under 
investigation have been listed in Table 2.3.The trend of variation of 8 values 
has been found to be increasing with increase in temperature. Such an 
increase may be attributed to an increase in the cohesive energy density. In 
the view of the fact that the solubility parameter happens to be the square 
root of the internal pressure, similar trend in the variation of its values is 
envisaged as that in those of the internal pressure values with variation in 
temperature and solute concentration. 
The pseudo-gruneisen parameter (F) value has been evaluated by 
using the following relation (236), 
r r - 1 
^ = ^—T" [2.7] 
a TT 
where y is the specific heat ratio while aj and T have their usual meaning. 
The values of y have been computed employing the following expression 
(84), 
y = Cp / Cv = KT / Ks. [2.8] 
The calculated values of y and T have been summarized in the Tables A2 of 
appendix and 2.4, respectively. An examination of the Table 2.4 shows that 
the r values are negative in all the systems under investigation. The F values 
exhibit a decreasing trend of variation with increase in amino acid / di-
peptide concentration in aqueous NaCl / NaNOs solutions while an 
increasing trend of variation with increase in temperature. The trend of 
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Table 2.3: Solubility parameter values, 5 /10'*(Nm"^ )''^ ^ as functions of 
concentration and temperature 
(i) L-serine in 1.5M aqueous NaCl solution 
Cone / mol kg'' Temperature / K 

















































(ii) L-serine in 1.5M aqueous NaNOs solution 
Cone / mol kg'' Temperature / K 
303.15 308.15 313.15 318.15 323.15 
0.0279 5.720 5.789 5.857 5.924 5.992 
0.0465 5.727 5.797 5.866 5.933 6.001 
0.0652 5.738 5.808 5.876 5.944 6.014 
0.0840 5.745 5.814 5.882 5.952 6.021 
0.1027 5.756 5.825 5.895 5.962 6.031 
0.1216 5.765 5.834 5.903 5.971 6.039 
0.1405 5.776 5.845 5.916 5.982 6.052 
0.1594 5.785 5.855 5.922 5.989 6.059 
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(vii) Glycylglycine in 2.0M aqueous NaCl solution 
























































(viii) Glycylglycine in 2.0M aqueous NaNOa solution 
Cone / mol kg'' Temperature / K 


















































Table2.4: Pseudo-gruneisen parameter values as functions of concentration 
and temperature 
(i) L-serine in 1.5M aqueous NaCI solution 



















































































































0") L-isoieucine in 1 ^ ivi 






























































(iv) L-isoleucine in i ^ivi 
- e i n L S M aqueous NaNOa solution 
Temperature/K 
-5.642 .5 s^ A Z ' 
5.536 .5.433 
-5-644 -5.5385 .5.435 
-5-646 -5.539 .5.437 
-5-648 .5.542 .5.439 
-'•''' -5-544 .5.441 
-5.652 .5.546 .5.443 
-5-654 .5.547 .5.444 























































































































































































































































variation of pseudo-gruneisen parameter may also be expressed in terms of 
expansivity of the system. In the view of the fact that the pseudo-grimeisen 
parameter is inversely proportional to the coefficient of expansion, the trend 
in its behavior will be opposite of that recorded for internal pressure, which 
has direct dependence on coefficient of expansion. 
CHAPTER -III 
Partial Molal Volumes and Partial Molal 
Isentropic Compressibilities of L-Serine-,L-
Isoleucine-,L-Glutamine- and Glycylglycine-
Aqueous NaCl / NaN03 Systems 
INTRODUCTION 
The apparent molal volume and the apparent molal isentropic 
compressibiHty values are known to be sensitive to interactions between the 
solute and the solvent molecules as well as to changes induced in the solvent 
by the solute as the solute concentration tend to zero. Apparent molal 
properties at infinite dilution such as partial molal volumes and partial molal 
isentropic compressibilities have been proved to be of great importance in 
understanding the solute-solvent interactions in solutions (237-240). Partial 
molal properties are known to be sensitive to the degree and nature of solute 
hydration (112,166,241-245). Useful information about the nature and extent 
of packing effects in solution induced by intermolecular / interionic 
interactions has been obtained from the variation of partial molal properties 
with composition. The partial molal isentropic compressibility is a measure 
of the resistance offered against compression, which the solute imparts 
towards the solvent and thus gives an idea about the solute-solvent 
interactions (24,246). The partial molal volumes and partial molal isentropic 
compressibilities are independent of solute-solute interactions in solution 
and thus determmed only by the respective intrinsic values and the solute-
solvent interactions. 
A number of authors have studied the apparent / partial molal volumes 
and apparent / partial molal isentropic compressibilities for amino acids and 
peptides in aqueous alkah metal halides (19,25,144,149,155,247-251), 
alkaline earth metal chlorides (23,138,139), sodium sulphate (24,146,172), 
vanadyl sulphate (143), ammonium chloride (179), sodium acetate 
(140,146,154,252), sodium butyrate (141), sodium capiylate (182), 
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potassium thiocyanate (181,253), guanidine hydrochloride (180,254), 
glucose (184), sodium caproate(134),and urea(32) solutions. 
In this chapter, the studies of the apparent molal volumes and apparent 
molal isentropic compressibilities, and their corresponding partial molal 
volumes and partial molal isentropic Compressibilities for L-serine, L-
isoleucine, L-glutamine and glycylglycine in 1.5M / 2.0M aqueous solutions 
of NaCl and NaNOs (used as solvents) have been focused. 
RESULTS AND DISCUSSION 
The apparent molal volumes {^y) of amino acids and di-peptide in 1.5 
M / 2.0M aqueous NaCl / NaNOs solutions have been computed by using 
the following relation, 
. M lOOO(p-po) 
^v= [3.1] 
P mppo 
where M, m, p and po stand for the molecular weight of solute, molality of 
the amino acids / di-peptide solutions, density of solution and density of 
solvent (aqueous electrolyte solution), respectively. The calculated apparent 
molal volumes as functions of solute concentration and temperature for all 
the systems under investigation have been listed in Table 3.1. The apparent 
molal volume values for all the systems under investigation have been least-
squares fitted to the following equation (38), 
(l)v = (j):+Svm [3.2] 
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Table 3.1; Apparent molal volume values (())v/10' m mol") as functions 
of concentration and temperature 
(i) L-serine in 1.5M aqueous NaCl solution 
































































(ii) L-serine in 1.5M aqueous NaNOj solution 

































































(iii) L-isoIeucine in 1.5M aqueous NaCl solution 
































































(iv) L-isoleucine in 1.5M aqueous NaNOj solution 

































































(v) L-glutamine in 1.5M aqueous NaCl solution 
































































(vi) L-glutamine in 1.5M aqueous NaNOs solution 

































































(vii) Glycylglycine in 2.0M aqueous NaCl solution 
































































(viii) Glycylglycine in 2.0M aqueous NaNOj solution 

































































where ({>" stands for the apparent molal volume at infinite dilution. The (j) ° is 
also known as the partial molal volume of solute, (j)" is a measure of the 
solute-solvent interactions whereas Sy, the corresponding experimental 
slope, is a measure of the solute-solute interactions in solutions. The (j)" and 
Sy values along with their standard deviations have been summarized in 
Table 3.2. It has been observed that the (j)° values are positive for all the 
systems under investigation. 
The observed partial molal volume values of L-serine, L-isoleucine, 
L-glutamine and glycylglycine in aqueous solutions of NaCl and NaNOs 
have been compared to the available literature values of (|)° in aqueous 
medium at 298.15 K. The literature data of (j)" for these solutes at other 
temperatures are not available. The reported ^l values for L-serine in 
aqueous medium at 298.15K are 60.6 (21,146,255), 60.62 (256-258), 60.3 
(257-259), 60.72 (217), 60.8 (157,244), 66.66 (260), 60.57 (241), 60.26 
(261), 61.02 (262), 60.52 (251) and 60.53 (263) (cmVmol), whereas the 
observed values for L-serine in 1.5M aqueous solutions of NaCl and NaN03 
at the corresponding temperature are 61.70 and 67.36 (cmVmol), 
respectively. The reported (() ° values for L-isoleucine in aqueous medium at 
298.15K are 105.7(255), 105.8 (256), 105.79 (21) and 105.76 (264) 
(cm /mol), whereas the observed values for L-isoleucine in 1.5M aqueous 
solutions of NaCl and NaNOs at the same temperature are 113.42 andl 11.32 
(cmVmol), respectively. The reported (j) ° values for L-glutamine in aqueous 
medium at 298.15K are 93.6 (255), 93.61 (256), 93.56 (131), 93.8 (244) and 
93.9 (157) (cmVmol), while the observed values for L-glutamine in 1.5M 
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Table 3.2: Least-squares fit parameters of the equation, (|)v = (j)° + Sym at 
different temperatures 
(i) L-serine in 1.5M aqueous NaCl solution 
































(ii) L- serine in 1.5M aqueous NaNOa solution 















Sv/ 10"^  















(iii) L-isoleucine in 1.5M aqueous NaCl solution 































(iv) L- isoleucine in 1.5M aqueous NaNOa solution 
(v) L-glutamine in 1.5M aqueous NaCI solution 
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(vi) L- glutamine in 1.5M aqueous NaNOa solution 















Sv/ 10-^  















(vii) Glycylglycine in 2.0M aqueous NaCi solution 
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(viii) Glycylglycine in 2.0M aqueous NaNOs solution 
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a x 10^  








aqueous solutions of NaCl and NaNOa at 298.15K are 97.34 and 97.32 
(cm^/mol), respectively. The reported values of (j)" for the glycylglycine in 
aqueous medium at 298.15 K are 76.23 (256), 76.27 (258), 76.34 (178), 
76.20 (265,266), 76.62 (144), 76.76 (115), 76.43 (146), 76.29 (267), 76.60 
(241) and 77.63 (23) (cmVmol) whereas the observed values of (|)° for the 
glycylglycine in 2.0M aqueous solutions of NaCl and NaNOa at the same 
temperature are 78.83 and 80.76 (cm^/mol), respectively. The comparative 
study of observed ^l values with the literature ones indicate that the 
observed values for L-serine, L-isoleucine, L-glutamine and glycylglycine in 
1.5 / 2.0M aqueous solutions of NaCl and NaNOa at 298.15 K are larger than 
those in aqueous medium at the same temperature. 
The partial molal volume of a solute molecule may be considered as a 
combination of two terms (i) the intrinsic volume of solute and (ii) the 
volume changes due to its interactions with solvent (268). The intrinsic 
volume has been considered to be made up of two types of contributions 
(269,270) 
' intrinsic"" »vw ' Vyoid L-^--^J 
where Vvw is Van der Waals volume (271,272) and Vvoid is the volume 
associated with the voids or empty spaces present therein (273). The above 
expression has been modified by Shahidi et al. (270) in order to evaluate the 
contribution of a solute molecule towards its partial molal volume as, 
(t) ! = V^ + Vvoid-n as [3.4] 
where GS is the shrinkage in volume produced by the interactions of 
hydrogen bonding groups present in the solute with water molecules and n is 
the potential number of hydrogen bonding sites in the molecule. In 
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electrolytes and zwitterionic solutes, the shrinkage is caused by 
electrostriction. Therefore, the partial molal volume of an amino acid / di-
peptide can be evaluated by employing the relation, 
Yv ~ 'vw"'" ' v o i d ~ ^shrinkage. [-'•-'J 
For the same class of compounds it may be assumed that Vyw and Vvoid have 
the same magnitude in aqueous and in mixed aqueous solvent system (269). 
Hence, the positive (|)° values of amino acids and di-peptide under 
investigation may be attributed to a decrease in the shrinkage volume in the 
presence of Na^, CI' and NO3" ions of NaCl and NaNOs in aqueous solution. 
The electrostriction of the water molecules in the vicinity of zwitterionic 
centers of L-serine, L-isoleucine, L-glutamine and glycylglycine seems to be 
reduced due to the interactions between Na^, CI" and NO3" ions of 
electrolytes and NHs^ and COO" centers of the amino acid and di-peptide and 
may consequently cause to a positive volume contribution. 
The trend of variation of ^ I values of L-serine, L-isoleucine, L-
glutamine and glycylglycine in an aqueous solution of 1.5M / 2.0M NaCl / 
NaNOj is found to be as follows: 
L-serine < Glycylglycine < L-glutamine < L-isoleucine 
NH3* NH3^ O COO" NHs^ O NHs^ 
I I II I I II I 
CH- CH2 -0H< CH2 - C- NH-CH2 < CH -CH2-CH2- C - NH2 < CH- CH - CH2 - CH3 
I I I I 
COO- coo- COO" CH3 
The largest value of <|)" for L-isoleucine may be due to the presence of 
structure making hydrophobic alkyl group which seems to exhibit a 
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repulsive tendency towards water dipoles. The -OH group of L-serine 
happens to be more hydrophilic in nature than amide (-CONH2) group of L-
glutamine and peptide (-CONH-) group of glycy[glycine. The presence 
structure breaking hydrophilic group (-OH group) probably cause the 
smaller magnitude value of ^l for L-serine than that for L-isoleucine, L-
glutamine and glycylglycine. The higher values of ^ ° for L-glutamine than 
that of glycylglycine may be due to the effect caused by hydrophobic alkyl 
chain, which seems to be dominant over the effect caused by hydrophilic 
amide group. 
The Sv values for all the systems under investigation have been found 
to be negative over the complete range of temperature of study except for L-
serine in 1.5M aqueous NaCl solution at 298.15K, 308.15K and 318.15K; L-
isoleucine in 1.5M aqueous NaNOs at 303.15K; L-glutamine in 1.5M 
aqueous NaNOs at 298.15K; glycylglycine in 2.0M aqueous NaCl at 
298.15K, 308.15K, 313.15K, 318.15K and 323.15K; and glycylglycine in 
2.0M aqueous NaNOs at 298.15K and 318.15K. The negative Sy values 
represent weak solute-solute interactions whereas the positive values 
indicate strong solute-solute interactions. 
The apparent molal isentropic compressibility ((|)k) of amino acids / 
di-peptide in aqueous electrolyte solutions under investigation have been 
calculated by using the following expression, 
M K S I O O O ( K O P - K S P O ) 
where M and m are the molar mass of the solute and the molality of the 
amino acid / di-peptide solution, respectively. The other terms have their 
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usual meaning. The computed values of (|)k as functions of amino acids / di-
peptide concentration and temperature for all the systems under investigation 
have been recorded in Table 3.3. It has been observed from a close 
examination of this Table that the (j)k values for L-serine, L-isoleucine, L-
glutamine and glycylglycine in aqueous solution of NaCl / NaNOs are 
negative and show irregular trend of variation with concentration as well as 
with temperature. The negative values of apparent molal isentropic 
compressibility exhibit strong interactions between the components of 
solutions. 
The apparent molal isentropic compressibility values at infinite 
dilution which are also referred as partial molal isentropic Compressibilities 
((|)k^ ) have been obtained by least-squares fitting the (|)k values versus with 
molal concentration of solute to the following expression (38), 
(|)k = (t)°+Skm [3.7] 
where Sk is an experimental slope. The (|)^  and Sk values along with their 
standard deviations have been listed in Table 3.4. The ^l values for all the 
systems under investigation have been found to be negative. The negative (j)" 
values for L-serine, L-isoleucine, L-glutamine and glycylglycine in aqueous 
NaCl / NaNOa solutions indicate strong solute-solvent interactions operative 
in the systems. These strong solute-solvent interactions may be attributed to 
the electrostatic interactions occurring between ions (Na"^ , CI', NO3") 
furnished by electrolytes and the zwitterionic centres of amino acids and di-
peptide. In addition, the amide group (-CONH2) and peptide group (-CONH-
) of amino acids and di-peptide should also interact electrostatically with 
ions furnished by electrolytes. The interactions operative between the ion 
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Table 3.3: Apparent molal isentropic compressibility values ((j)k/10''° 
bar'm^mor') as functions of concentration and temperature 
(i) L-serine in 1.5M aqueous NaCl solution 
























































(ii) L-serine in 1.5M aqueous NaNOs solution 

























































(iii) L-isoleucine in 1.5M aqueous NaCI solution 

















































































































(v) L-glutamine in 1.5M aqueous NaCl solution 
























































(vi) L- glutamine in 1.5M aqueous NaNOa solution 

























































(vii) Glycylglycine in 2.0M aqueous NaCI solution 


















































































































Table 3.4: Least-squares fit parameters of the equation, (j)^  = (j)" + Sum at 
different temperatures 
(i) L- serine in 1.5M aqueous NaCI solution 
Temperature / K (1)^/10 10 Sk/10 
1 „ 3 
-10 
1-2 1 baf^  m' mor' bar" m mol" kg 
a x 10'" 
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and hydrophobic groups [alkyl group(s) of amino acids / di-peptide] seem 
weaker in nature than the interactions between ion and zwitterionic center. 
The values of Sk in all the systems under investigation at all temperatures of 
the study have been found to be positive except for L- isoleucine in aqueous 
NaCl at 318.15K; and L- isoleucine in aqueous NaNOs at 318.15K and 
323.15K where the values are negative. The positive and negative values of 
Sk suggest the presence of strong and weak solute-solute interactions in the 
solutions, respectively. 
CHAPTER -IV 
Viscometric Studies of L-Serine-, L-Isoleucine-, L-
Glutamine- and Glycylglycine- Aqueous NaCl / 
NaN03 Systems 
INTRODUCTION 
The viscosity coefficient or simply the viscosity of a liquid, a measure 
of transfer of linear momentum dovm a velocity gradient, depends on the 
spacing between imaginary layers of the liquid and on the intermolecular / 
interionic forces operative in it. Viscosity measurement provides valuable 
information about the size and state of solvation of molecules in solution 
(194). Viscometric studies have been used to draw important conclusions 
regarding protein unfolding (274) and the extent of hydrophobic interactions 
of non-polar side chains (275). The viscosities of amino acids / peptides-
aqueous / mixed aqueous solutions depend on the relative magnitude of 
electrostriction caused by the polar end groups, structure-enforcing influence 
of the hydrophobic alkyl groups, and the extent of interaction between the 
hydrophilic and hydrophobic groups. Furthermore, the knowledge of 
viscosity is also helpful in the process of separation of amino acids and 
peptides. 
The viscosity and its derived parameters such as relative viscosity, 
specific viscosity and intrinsic viscosity provide valuable information about 
the size and the state of solvation of molecules in solution (194). A number 
of researchers (137,141,149,172,179,181,183, 189,192,193,211,253) have 
carried out the viscometric studies of amino acids and peptides in aqueous 
and mixed aqueous solutions. In addition, the relative viscosity data have 
been analyzed to obtain the viscosity B- coefficient, which depends on the 
strength and extent of the solute-solvent interactions as well as on the shape, 
size and charge of the solute molecules. A ' structure building' solute lowers 
the average effective kinetic energy of water, which in turn, increases the 
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viscosity of the solution and leads to higher B- coefficient value (194). 
Solutes^which disrupt the hydrogen bonded water structure in their vicinity 
and create region of lower viscosity, have comparatively lower B-
coefficient values.which increase as the kinetic energy is increased (194) 
while the solutes^ which enforce water structure, e.g., by hydrophobic 
hydration have relatively large B-coefficients, which decrease as the 
temperature is increased (195). The viscosity B- coefficient values of amino 
acids and peptides have been reported by a number of workers in aqueous 
medium (133,167,185,189), aqueous-organic media 
(167,183,186,190,208,211), and aqueous solution of alkali-halides 
(138,142,249), barium chloride (138), ammonium chloride (179), sodium 
sulphate (142), sodium acetate (140,192), potassium thiocyanate (157,181), 
guanidine hydrochloride (180,276), CH3CH2CH2COONa (141) and NaCg 
(182). 
Consequently, in this chapter of study, the viscosities of ternary 
systems, (amino acids / di-peptide + salt +water): L-serine / L-isoleucine / L-
glutamine + 1.5 M NaCl / NaNOs +water; and glycylglycine +2.0 M NaCl / 
NaNOs +water, have been measured as fimctions of concentration of amino 
acids / di-peptide and temperature. The measured data have been used to 
compute the relative viscosity, specific viscosity and B-coefficients for the 
said systems. The results have been discussed in the light of solute-solute 
and solute-solvent interactions and structural effects of solute in solutions. 
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RESULTS AND DISCUSSION 
The experimental viscosity data {r\) for L-serine / L-isoleucine / L-
glutamine / glycylglycine - 1.5M / 2.0M aqueous NaCl / NaNOs systems as 
functions of amino acids / di-peptide concentration and temperature have 
been presented in Table 4.1. The observed viscosity values have been least-
square fitted to the following polynomial equations, 
ri=rio+Tiim + Ti2m^  [4.1] 
TI = T1O' + TI , 'T + TI2T2 [4.2] 
where TIO, rji, ii2, ilo', ^\\ TI2'; m and T are the fitted coefficients, molal 
concentration of amino acids / di-peptide solutions and temperature, 
respectively. The fitted coefficients along with the standard deviations 
values have been listed in Tables 4.2 and 4.3. The trends of variation of 
viscosity values with solute concentration at different temperatures have 
been plotted in Figures 4.1-4.8. An examination of Table 4.1 reveals that the 
viscosity values, for each of the systems under investigation, increase with 
increase in concentration of amino acids / di-peptide. This increasing trend 
of variation of r| values with solute concentration may be attributed to 
corresponding increase in intermolecular / interionic interactions in solution, 
which in turn, may cause more frictional resistance to the flow of solutions. 
The viscosity values for glycylglycine - 2.0M aqueous solution of 
NaCl / NaN03 systms have been found to be more than thoi<for L-serine / L-
isoleucine / L-glutamine - 1.5M aqueous solutions of NaCl / NaNOs 
systems. The larger r| values for glycylglycine - 2.0M aqueous NaCl / 
NaNOs solutions may be attributed to larger cohesion in solutions owing to 
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Table 4.1: Viscosity values {r\ /lO"^ Nm'^s) as functions of concentration 
and temperature 
(i) L-serine in 1.5M aqueous NaCl solution 
Cone / mol kg"^  Temperature / K 























































(ii) L-serine in 1.5M aqueous NaNOa solution 
Cone / mol kg" Temperature / K 
303.15 308.15 313.15 318.15 323.15 
0.0000 8.519 7.835 7.107 6.539 6.007 
0.0279 8.612 7.912 7.178 6.596 6.063 
0.0465 8.667 7.965 7.220 6.632 6.092 
0.0652 8.731 8.015 7.270 6.669 6.122 
0.0840 8.801 8.072 7.319 6.711 6.163 
0.1027 8.871 8.142 7.375 6.754 6.205 
0.1216 8.941 8.212 7.431 6.803 6.247 
0.1405 9.025 8.286 7.500 6.859 6.295 
0.1594 9.096 8.366 7.569 6.915 6.382 
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(iv) L- isoleucine in 1.5M aqueous NaNOs solution 































































(v) L-glutamine in 1.5M aqueous NaCl solution 






























































(vi) L- glutamine in 1.5M aqueous NaNOj solution 































































(vii) Glycylglycine in 2.0M aqueous NaCl solution 






























































(viii) Glycylglycine in 2.0M aqueous NaN03 solution 






























































Table 4.2: Least squares fit coefficients of the viscosity equation, 
T] = T|o + Tiim + Ti2ni^  at different temperatures 
(i) L-serine in 1.5M aqueous NaCl solution 
Temperature/ r|o/ 
K Nm-^ s 
TI2/ 
Nm'^ s 
(mol kg')" (mol kg") 








































































































































































































































































































Table 4.3; Least squares fit coefficients of the viscosity equation, 
Tl=r|o'+Tii'T+Ti2'T^ as a function of concentration 
(i) L-serine in 1.5M aqueous NaCl solution 
Cone / mol kg"' r|o'/Nm"^s TI,'/10-^ Tia'/lO'^ af^ ]X 10^  














































(ii) L-serine in 1.5M aqueous NaNQa solution 
Conc/molkg' no'/Nm-^s rii'/lO"^ V/IO"^ CT[^ ]X 10^  















































(iii) L-isoleuciae in 1.5M aqueous NaCl solution 



















































(iv) L-isoleucine in 1.5M aqueous NaNOa solution 





















































(v) L-glutamine in 1.5M aqueous NaCl solution 



















































(vi) L-glutamine in 1.5M aqueous NaNOa solution 





















































(vii) Glycylglycine in 2.0M aqueous NaCl solution 



















































(viii) Glycylglycine in 2.0M aqueous NaNOj solution 





































































Cone / mol kg 
Fig.4.1: Plots of viscosity versus concentration of 
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Fig.4.2: Plots of viscosity versus concentration of 
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Fig.4.3: Plots of viscosity versus eoncentration of 
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Fig.4.4: Plots of viscosity versus concentration of 
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Fig.4.5: Plots of viscosity versus concentration of 
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Fig.4.6: Plots of viscosity versus concentration of 
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Fig.4.7: Plots of viscosity versus concentration of 
glycylglycine in 2.0M aqueous NaCl solution. 
E 
Cone / mol kg" 
Fig.4.8: Plots of viscosity versus concentration of 
glycylglycine in 2.0M aqueous NaNOa solution. 
174 
the presence of more number of Na^ ^ CI' and NO3' ions in 2.0M aqueous 
NaCl / NaNOa solutions. Furthermore, the viscosity values for L-serine / L-
isoleucine / L-glutamine - 1.5M aqueous NaCl solution havtbeen found to be 
higher than tho^for L-serine / L-isoleucine / L-glutamine - 1.5M aqueous 
NaNOs solutionjat constant temperature. This behaviour may be explained in 
terms of the relative tendency of interaction of ions (Na^, CI" and NO3') with 
the zwitterionic terminal groups (NHs ,^ COO") and with peptide bond (-
NHCO-) of glycylglycine. The larger viscosity values in aqueous NaCl 
solution than those in aqueous NaNOs solution may be attributed to the 
smaller size of CI" ion than that of NO3" ion. The magnitude of electrostatic 
interactions between smaller CI' ion with zwitterionic centers as well as with 
water dipoles seem to be larger in comparison to the magnitude of 
electrostatic interactions of larger NO3" ion. The viscosity values for all the 
systems under investigation have been found to be decreasing with increase 
in temperature. This decrease in r\ values may be attributed to an overall 
increase in kinetic energy of amino acid / di-peptide molecules (zwitterions) 
and ions present in solutions, which in turn, may cause a decrease in the 
intermolecular / interionic forces opeiative in solutions. 
The relative viscosities (r|r) for all the systems under investigation 
have been calculated by employing the following equation, 
Tlr = Tl/r|o [4.3] 
where r\ and r\o are the viscosity values of solution and solvent, respectively. 
The computed values of r), have been summarized in the Table 4.4. The rir. 
values have been found to be increasing with successive increasesin 
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Table 4.4: Relative viscosity values (rir) as functions of concentration and 
temperature 
(i) L-serine in 1.5M aqueous NaCl solution 


















Temperature / K 
308.15 313.15 318.15 
1.015 1.017 1.012 
1.024 1.026 1.019 
1.032 1.034 1.025 
1.039 1.040 1.031 
1.047 1.046 1.038 
1.053 1.050 1.044 
1.058 1.054 1.050 










(ii) L-serine in 1.5M aqueous NaNOj solution 

























































(iii) L-isoleucine in 1.5M aqueous NaCl solution 
























































(iv) L- isoleucine in 1.5M aqueous NaNOs solution 

























































(v) L-glutamine in 1.5M aqueous NaCI solution 
























































(vi) L- glutamine in 1.5M aqueous NaNOj solution 
























































(vii) Glycylglycine in 2.0M aqueous NaCl solution 
























































(viii) Glycylglycine in 2.0M aqueous NaNOs solution 


























































concentration of amino acids / di-peptide in aqueous electrolyte solutions 
(Figures 4.9-4.16). However, the relative viscosity values show an irregular 
trend of variation with temperature. The specific viscosity (r|sp) values have 
been calculated using the following expression, 
T1SP = (TI-T1O)/T1O [4.4] 
where the terms have their usual meaning. The computed values of risp are 
listed in Table 4.5.T|sp represents the relative increase in the viscosity of 
solution on successive increases of amino acid / di-peptide concentration in 
solutions. The values of T|sp increase with increase in solute concentration in 
all the systems under investigation. On the other hand, the values show an 
irregular trend of variation with temperature similar to the trend shown by r|r 
values. 
The semi-empirical Jones-Dole equation given below (138,140,141, 
167,182) has been employed to analyze the dependence of relative viscosity 
of solutions on solute concentration, 
II/T1O = 1 + B C [4.5] 
where B and C are the Jones-Dole coefficient and molar concentration of 
solution, respectively. The B-coefFicients, characteristic of solute-solvent 
interaction, have been evaluated by linear least-squares fitting the relative 
viscosity data with molar solute concentration. The observed B- coefficient 
values have been listed in Table 4.6. The B- coefficient values for all the 
systems under investigation have been found to be positive, indicating the 
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Fig.4.9: Plots of relative viscosity versus concentration of 
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Fig.4.10: Plots of relative viscosity versus concentration of 
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Fig.4.11: Plots of relative viscosity versus concentration of 
L - isoleucine in 1.5M aqueous NaCl solution. 
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Fig.4.12: Plots of relative viscosity versus concentration of 
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Fig.4.13: Plots of relative viscosity versus concentration of 
L - glutamine in 1.5M aqueous NaCl solution. 
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Fig.4.14: Plots of relative viscosity versus concentration of 
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Fig.4.15: Plots of relative viscosity versus concentration of 
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Fig.4.16: Plots of relative viscosity versus concentration of 
glycylglycine in 2.0M aqueous NaNOs solution. 
184 
Table 4.5: Specific viscosity values as functions of concentration and 
temperature 
(i) L-serine in 1.5M aqueous NaCI solution 
























































(ii) L-serine in 1.5M aqueous NaNOj solution 

























































(iii) L-isoleucine in 1.5M aqueous NaCI solution 























































(iv) L- isoleucine in 1.5M aqueous NaNOj solution 
























































(v) L-glutamine in 1.5M aqueous NaCl solution 
























































(vi) L- glutamine in 1.5M aqueous NaNOa solution 
























































(vii) Glycylglycine in 2.0M aqueous NaCl solution 
























































(viii) Glycylglycine in 2.0M aqueous NaNOs solution 
























































Table 4.6: B (molar"*) coefficients of the equation, r|/T|o = 1+ BC for amino 
acids / di-peptide as a function of temperature. 
Amino acid / 
di-peptide 
Solvent Temperature / K 
303.15 308.15 313.15 318.15 323.15 
aq.NaCl 0.389 0.347 0.284 0.314 0.340 
aq.NaNOs 0.410 0.414 0.392 0.347 0.363 
L-serine 
aq.NaCl 0.371 0.527 0.554 0.598 0.655 
L-isoleucine 
L-glutamine 
aq. NaNOs 0.437 0.476 0.525 0.464 0.625 
aq.NaCl 0.334 0.346 0.361 0.351 0.349 
aq.NaNOj 0.439 0.417 0.401 0.385 0.393 
glycylglycine 
aq.NaCl 0.249 0.267 0.286 0.346 0.335 
aq.NaNOj 0.233 0.352 0.334 0.333 0.318 
189 
been compared to the corresponding literature values. The reported values of 
B- coefficients for L-serine are 0.217(189) (at303.15K), 0.248 (189) and 
0.237 (133) (at308.15K), and 0.264 (189) (at313.15K); and 0.326 (188)(in 
aqueous CaC^ at308.15K), 0.285 (193) (in aqueous Urea at308.15K). The 
observed values for L-serine in 1.5M aqueous NaCl solution, are 0.389 (at 
303.15K), 0.347 (at308.15K), 0.284(at313;i5K), 0.314(at318.15K), and 
0.340 (at323.15K) whereas in 1.5M aqueous NaNOs solution, the values are 
0.410 (at 303.15K), 0.414 (at308.15K), 0.392 (at313.15K), 0.347 
(at318.15K), and 0.363 (at323.15K). The reported value of B- coefficient for 
glycylglycine in water at 308.15K is 0.298 (189) whereas the corresponding 
observed value in 2.0M aqueous NaNOs is 0.352. The observed values of B-
coefficient for L-serine and glycylglycine in 1.5M / 2.0M aqueous NaCl / 
NaNOs solutions have been found to be higher than those in water. The 
cause of higher values of B-coefficient in aqueous electrolyte solutions in 
comparison to water may be attributed to the enhancement of solvent 
structure by the ions. The observed values of B- coefficients for L-
isoleucine and L-glutamine in aqueous electrolyte solutions could not be 
compared to the reported values, as the corresponding literature data is not 
available in the temperature range of the study. 
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Table Al: Thermal expansion coefficient values (a/lO""* K"') as functions 
of concentration and temperature 
Cone/ mol kg" 
(i) L-serine in 1.5M aqueous NaCI solution 
Temperature / K 


















































(ii) L-serine in 1.5M aqueous NaNOa solution 
Cone/ mol kg 
303.15 
Temperature / K 

















































Cone/ mol kg ^ 
(iii) L-isoieucine in 1.5M aqueous NaCi solution 
303.15 
Temperature / K 


















































(iv) L- isoleucine in 1.5M aqueous NaNOa solution 
Cone/ mol kg" Temperature / K 











































































































(vi) L-glutamine in 1.5M aqueous NaNQj solution 
Cone/ mol kg' Temperature / K 


















































(vii) Glycylglycine in 2.0M aqueous NaCl solution 
Cone/ mol kg' Temperature / K 
303.15 308.15 313.15 318.15 323.15 
0.0279 5.397 5.412 5.426 5.441 5.456 
0.0466 5.392 5.407 5.421 5.436 5.451 































(viii) Glycylglycine in 2.0M aqueous NaNOa soiution 
Cone/ mol kg" Temperature / K 


















































Table A2: Specific heat ratio values (;'xlO) as functions of concentration 
and temperature 
(i) L-serine in 1.5M aqueous NaCl solution 
Cone/ mol kg" Temperature / K 
303.15 308.15 313.15 318.15 323.15 







































0.1257 0.1258 0.1258 0.1259 




















































Cone/ mol kg"' 
0.1252 0.1252 0.1253 





Temperature / K 
308.15 313.15 318.15 323.15 
0.0284 0.1263 0.1264 0.1264 0.1265 0.1265 
0.0474 0.1263 0.1263 0.1264 0.1264 0.1265 
0.0665 0.1262 0.1262 0.1263 0.1264 0.1264 
0.0857 0.1261 0.1262 0.1262 0.1263 0.1263 
0.1050 0.1260 0.1261 0.1261 0.1262 0.1263 
0.1244 0.1260 0.1260 0.1261 0.1261 0.1262 
0.1438 0.1259 0.1259 0.1260 0.1260 0.1261 
0.1634 0.1258 0.1259 0.1259 0.1260 0.1260 
210 
(iv) L-isoleucine in 1.5M aqueous NaNOj soiution 
Cone/ mol kg ' Temperature / K 
303.15 308.15 313.15 318.15 323.15 
0.0279 0.1258 0.1258 0.1259 0.1259 0.1260 
0.0466 0.1257 0.1257 0.1258 0.1259 0.1259 
0.0654 0.1256 0.1257 0.1257 0.1258 0.1258 
0.0843 0.1256 0.1256 0.1257 0.1257 0.1257 
0.1033 0.1255 0.1255 0.1256 0.1256 0.1257 
0.1223 0.1254 0.1255 0.1255 0.1256 0.1256 
0.1414 0.1254 0.1254 0.1254 0.1255 0.1255 
0.1606 0.1253 0.1254 0.1254 0.1254 0.1255 
(v) L-glutamine in 1.5M aqueous NaCI solution 
Cone/ mol kg" Temperature / K 

















































(vi) L-glutamine in 1.5M aqueous NaN03 solution 
Cone/ mol kg" Temperature / K 


















































(vii) Giycylgiycine in 2.0M aqueous NaCl solution 
Cone/ mol kg' 
303.15 
Temperature / K 





























































2.0M aqueous NaN03 
Temperature 
308.15 
0.1239 
0.1238 
0.1237 
0.1236 
0.1235 
0.1235 
0.1234 
0.1233 
313.15 
0.1239 
0.1238 
0.1237 
0.1237 
0.1236 
0.1235 
0.1234 
0.1233 
/ K 
318.15 
0.1240 
0.1239 
0.1238 
0.1237 
0.1236 
0.1235 
0.1235 
0.1234 
0.1250 
0.1249 
0.1248 
0.1247 
0.1246 
0.1245 
0.1244 
0.1244 
solution 
323.15 
0.1240 
0.1239 
0.1238 
0.1237 
0.1237 
0.1236 
0.1235 
0.1234 
